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Thermodynamic Properties of Nitrogen Including Liquid and Vapor Phases from 
63 K to 2000 K with Pressures to 10,000 Bar* 

Richard T. JacobS9n and Richard 8. St9wart 

Department of Mechanical Engineering, University of Idaho, Moscow, Idaho 83843 

Tablea of thermodynamic propcrtica of nitrogen ure pro!)cnted for the liquid and vapor phase£', 

for temperatures from the frcezin/! line to 2000 K and pressures to 10,000 bar. The tables include values 
of density, internal energy, enthalpy, entropy. isochoric heat capacity (C,.). isobaric heat capacit)' 
(C p ), velocity of sound, the isotherm derivative (ap/op)r, and the isochor derivative (flP/aT)p. The 
thl?rmodyn::lmi(' propel"ty t;:!blE"r;;. :.l'TI? b.Rl!\l?d on An €>qlJ:H;on Ilf "f:ltp, P= P (fl, T)~ whir.h RC!p.nTRfPly TP:PTP. 

sents liquid and gaseous nitrogen for the range of pressures and temperatures covered by the tables. 
Comparisons of property values calculated from the equation of state with measured values for P-p-T, 
heat capacity, enthalpy, latent heat, and velocity of sound are included to illustrate the agreement 
between the experimental data and the tables of prollerties presented here. The coefficients (If the 
equation of state were determined by a weighted least squares fit to selected P-p-T data and, simul· 
taneously, to C" data determined by corresponding states analysis from oxygen data, and \0 data which 
define the phase equilibrium criteria for the saturated liquid and the saturated vapor. The vapor pres· 
sure equation, melting curve equation, and an equation to represent the ideal gas heat capacity are also 
presented. Estimates of the accuracy of the equation of sta!c,)he vapor pressure equation, and the 
ideal gas heat capacity equation are given. The equation of state, derivatives of the equation, and the 
integral functions for calculating derived thermodynamic properties are included. 

Key words: Clitical point: density; enthalpy; entropy: equation of state; heat capacIty; Ideal gas 
properties; latent heal: nitrogen; second virial coefficient: vapor pressure: velocity of sound; critically 
evaluated data. 
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Subscripts 

Reference state property 
calc Calculated property value 

eq ( Calculated property value 
from equation indicated 
in parentheses 

data Measured property value 

Molecular weighT of nitrogen, 28.0]34. 

Gas constant,R = 8.31434 J/mol . K 

1. Introduction 

An equation of state is presented for nitrogen which 
covers the full range of liquid and vapor values for 
temperatures from the triple-point temperature to 
2000 K, and pressures to 10,000 bar. The equation of 
stale reproduces the experimental P-p-T data which 
were uecd in the determination uf tIlt: cvtffideJJl;; uf the 
equation of state to within the claimed accuracies of 
these data. The thermodyanmic property table is based 
on this equation of state, and a function representing 
the ideal gas heat capacity. The equation also conforms 
to the Maxwell criterion, which provides for a thermo
dynamically consistent table of properties, without 
dhcvllliuuiLie;; at the two-phase boundaries. 

In addition to providing an accurate means for the 
calculation of the thermodynamic property tables, the 
equation of state is particularly useful in the analysis 
of thermodynamic systems since it may be readily used 
with input variables other than density and temperature 
(i.e .• by iterative solution using any pair of independent 
thermodynamic coordinates). 

In the determination of the equation of state, consider
able experimentation was carried out in the simultan
eous fitting of P-{l-T anrl re]"ted thermodynamic 
property data using the method of least squares. A 
large number of independent data sets were used in the 
determination of the equation. which made weighting 
of the data imperative in the leaf't squares determination 
of the coefficients_ These methods are discussed in 
section 4. Additional discussion of the effects of simul
taneous fitting of related property data and weighting 
of the data ar.e reported in [114 p. 

In addition to the equation of state, the adjunct 
functions required for the calculation of thermodvnamic 
property tables and a description of the methods of 
determining the equation are presented. A summary of 
the data which forms the basis for the equations is given 
and COli t:ctium; made to the data are identified (e.g .. 
adjustments of temperature scales). Particular attention 
has been given to a comparison of available measured 
thermodynamic data with values calculated using the 
equation of state. The P-p-T data used for calculating 
the coefficients for the equation are compared to values 

I ~umbers in bracket£ refer [0 citations in Ih~ bib;iog.ravhy. 

calculated from the equation of state. Similar compari
sons are also illustrated for other thermodynamic 
properties which have been measured for nitrogen. 

The thermodynamic property table included in this 
volume has been calculated by use of the equation of 
state and the derivative functions relating the various 
thermodynamic properties. Since the equation of state 
conforms to the Maxwell criterion, properties of the 
liquid have been calculated by continuous integration 
along hypothetical isotherms through the two-phase 
(liquid-vapor) region. An evaluation of this procedure is 
given in [114]. The phase boundary properties included 
in the table have heen irlpntified by simultaneous solu- ' 
tion of the equation of state with the vapor pressure 
equation or the fusion line equation. This equation of 
state is unique since the single equation represents a 
wide range of states including liquid and vapor, and 
returns values of the first and second derivatives which 
allow for accurate calculations of the heat capacities 
(C" C p ), and the velocity of "ound. The U"el- uf lllt;;t 
functions is cautioned that some properties become 
discontinuous at the critical point, and no estimate of 
accuracy can be made regarding these properties in the 
vicinity of the critical point. The extrapolation of the 
equation of state in the liquid region to the fusion line, 
and for the vapor at low temperatures and at high pres-
5urC5, i5 illu~trated. Tht tht:llJluJYllalIlic property tables 
included these extrapolations. 

The derivatives of the equation of state and the in· 
tegrals used in the calculation of thermodynamic proper
ties are given in Appendix A. The derivative and 
integral functions are presented in a convenient format 
for computer programming. 

The i::JUthors have anempted to be comprehenslve 
in reviewing the scientific literature for thermodynamic 
property measurements. The National Bureau of 
St andards - Cryo~enic Data (p.nler prepllred the 
initial bibliography used in this study. Particular atten
tion has been given to maintaining a search of current 
documents for new measurements, and the authors have 
maintained a world-wide correspondence with others 
working in the field to obtain current information on 
new measurements. Following the development of the 
equation of state, new data on vapor pressure, saturated 
liquid density, enthalpy, and P-p-T data for high density 
values extending to the fusion line have been obtained. 
Although these data were not incorporated in the deter
mination of the functions, comparisons to the equation 
of state are reported here. 

A parallel study of thermodynamic properties of 
oxygen has also been made by the authors which is 
reported in [l08J and [Il5]. The form of the equation 
of state used for oxygen is the same as reported here 
for nitrogen. In the determination of the coefficients 
for the equation of state for oxygen, the task was con
siderably simplified since the bulk of the data were 
values of high accuracy from a single source. In addi
tion. measurements of the isochoric heat capacity 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 



760 R. T. JACOBSEN AND R. B. STEWART 

(e) for oxygen for the ~ame range as the P-p-T data 
are also available. The values of the isochoric heat 
capacity (C,,) for oxygen were the basis for estimating 
values for nitrogen which were used in determining 
the equation of state. The conformance of the nitrogen 
C" and Cp values in these tables with values predicted 
from the oxygen data lend assurance of the relative 
accuracy of these estimated data. An evaluation of the 
results of using estimated values of C" in the determina' 
tion of the coefficients for the equatlon of state is 
summarized in [114J. 

The work reported here is a culmination of a study 
which was initiated in 1968 at W orchester Polytechnic 
InstItute. lntenm reports were presented in [99] 
and [100]. The finaJ formulation was first reported in 
[107J and later in [108], and [llS]. Additional tests 
of the equations. a study of the methods used in de· 
termining the equations as reported in [1]4], and 
comparisons to data reported subsequently to the publi
cation of [107] have now been completed. In initiating 
this work, the authors have made substantial use oj 
techniques and previous work published by the staff 
of the National Bureau of Standards, Cryogenics Divi· 

sion in Boulder, Colorado (e.g., the earlier nitrogen 
property table of Strobridge [116], and the curve 
fitting techniques suggested by Hust and McCarty 
[105] ). 

2. Data for Determining the Equation of State 

2.1. Pressure-Density-Temperature Data 

The sources of experimental P-p-T data that form the 
basis of this work are listed in table 1. This table sum
marizes the literature ill which dat a are reported for the 
liquid phase, the vapor phase, the saturated liquid, and 
the liquid on the freezing line. The 1246 P-p-T data 
values used in the determination of the equation of 
state are described in section 5. Figure 1 is a map of the 
P-p-T data used in the final formulation of the equation 
of state. 

2.2. Saturated Liquid and Saturated Vapor Densities 

Three sources of experimentaJ saturated liquid den
sity data are listed in table 1. These data are not gen
erally concordant with the selected P-p-T values for the 
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FIGURE 1. Map of the P-p-T data used in the determination of the equation of state. 
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single phase liquid near the saturation line. Therefore. 
these data were not used in the determination of the 
equation of state. These experimental saturated liquid 
density data are described in section 6. Eleven measured 
values of the density of the saturated liquid and six 
measured values of the density of the saturated vapor 
were reported by Mathias, et al [1l0] in 1914, but these 
data were not used in determining the equation of state. 

The method for fitting the data to the equation of 
stat e, as described in section 4, requires values of 
saturated liquid and saturated vapor dens.ities.. Two 
hundred forty-one values were estimated by the s.imul
taneous s.olution of the vapor pressure equation and 
ink) jill ty uiiliulH; uf bliile at illtervals uf 0.25 K between 
the triple point and the critical point. Separate interim 
equations of state were determined for the liquid and 
vapor phases for calculating these values. 

2.3. Isochoric Heat Capacity 

lsochoric Heat capacity values were included in the 
data u"cd in the determinatjon uf lbe coefficiellib of the 
equation of state. To provide a set of C,. data. 396 values 
of Ct· were determined using the principle of corres.pond
ing states and the calculation proeedure suggested by 
Diller [101]. The equation for Cv for oxygen from 
Goodwin and Weber [103] was used as the basis for 
estimating the values of Ct' for nitrogen. The range of 
value:; fUJ llilwgeIJ Wli;; limiled to the corresponding 
range of experimental values for which C" data for 
oxygen were reported in [103]. These calculated values 
for nitrogen are for 14 isochors between 5 and 31 
mol/liter. This included Cv values along isochors from 
10 to 31 mol/liter from the saturated liquid (or vapor) 
line to approximately 240 atm, and along isochors from 
;:; lu 7 II101/liter from the saturated vapor line to 230 K. 
An accuracy of ±5 percent was estimated for these 
calculated Cr values. 

The only measurements of r;,. rpportecl in the Htera

ture are values along the critieal isochor from Voronel 
et a1. [57]. These data, which were not used in the 
determination of the equation of state, are discussed in 
section 10.3. 

2.4. Critical Point Parameters 

The method for fitting the equation of state to the 
data, as described in section 4, uses selected values of 
the critical parameters Pc, Pc, and Te. The values 
selected for these critical parameters were Pc = 33.555 
atm., pc= 11.21 mol/liter, andTr = 126.20 K These 
values were selected to be in accord with the best values 
from the literature, and with the P-p-T and vapor 
pressure data near the critical point. 

Measurements of the critical pressure and tempera
ture are reported by White, et a1. [ll8] as 33.54 ± 0.02 
atm and 126.26 ± 0.04 kelvin, respectively. (This value 
for critical temperature converted to the IPTS-68 
temperature scale is 126.25 K) A more recent experi· 
ment reported by Voronel [57] identifies the critical 
temperature as between 126.191 K and 126.197 K 
Wagner [90] used a critical temperature of 126.20 K 
and reports a measured value of the vapor pressure at 
126.20 K of 34.002 ± 0.02 bar (33.557 atm). The value 
of the critical temperature selected for use in the least 
squares fitting procedure for the equation of state was 
126.20 K A solution of a preliminary vapor pressure 
equation gave a pressure of P = 33.555 atm at T= l::.!t>.:W 
K. which is the critical pressure us.ed in this work. 

The generally accepted value for the critical density 
from the literature is 0.::111 g!cm;j (11.10 mol/liter) 
which was recommended in a critical review of the 
critical constants by Pickering [113] in 1924. This 
reeommended value was based primarily on the critical 
density value published in 1914 by Mathias, et al. 
[1101, which was determined by the method of recti
linear diameters. Wagner [117] used a value of 11.25 
mol/liter in a recent study of equations of state. A new 
value for the critical density was determined in this 
work by the method of rectilinear diameters using 
the calculated saturated liquid and t>atu) aleJ vajJur 
densities described in section 2.2. This ealculated value 
for the critical density which was s.elected for use in 
the least squares fitting procedure for the equation of 
state is 11.21 mol/liter. 

TABLE 1. Summary of P-p-T data for nitrogen 

Vapor 

Barllett [3] ............................................... . 
Bartlett et a1. , .. J .............................. .. 

Bartlett et al. 
Benedict 
Benedict 

'Canfield [8] 
Chen? f87J 

'Crain F'J ..................................................... , 

273 
273-673 
203-293 

90-273 
98-473 

133-273 
87-309 

143-273 

1-1000 9 
50-1000 46 
75-1000 4J 

100-1563 25 
981-5879 124 

2-541 152 
225-10,245 420 

2-506 90 

J. Phys. Chern. Ref. Data, Vol. 2, No.4, 1973 



762 R. T. JACOBSEN AND R. B. STEWART 

TABLE 1. Summary of P-p-T data for nitrogen- Continued 

Source 

'Friedman (10) ............................................. j 
Hall and Canfield [ll) ................................ · .. ·1 
Heuse and Olto [12] ..................................... 1 
Holborn and Otto (13) .................................. . 

*Holborn and Otto {l4] .................................. . 
Holhorn and Otto [I5J ................................. ·1 
Kamediugh 0" .... ,. and yan U,k (lo) .............. .. 

Malbrunot and Vodar [17] ............................. . 
Malbrunot [18) ............................................ i 

'Michels et a1. [19] ........................................ j 
'Michel~ ot "I. [20] ........................................ , 
Miller et a1. (21) .......................................... . 

·Otto et a1. (22} ............................................ i 
'Robertson and Babb [23; ............................... J 
*S~11T,,1 [?4].... .. .... ...... ...... .. ... j. 
Smith and Taylor [25J .................................. . 
Townsend (26] .. : ............................. · ........ · .. 1 
Tsiklis and Polyakov [27] ............................. . 
Tsiklis 128] ................................................ . 
Verschoyle (29] ......................................... .. 

Temp 
range (K) 

80-300 
103, 113 

273 
273-373 
273-673 
143-273 
124-293 

473-1274 
473-1274 
273-423 
273 123 

294 
273-423 
308-673 
4?:1_J074 

273-478 
298,323 
294-673 
323-423 
273,293 

Pressure I Number of 
ranj!e latm) i data points 

0.2-200 201 
2-16 18 

0.4-1.2 8 
19-99 32 
19-99 66 
20-99 24 
23-6~ 143 

1000-4000 63 
790-4935 191 

19-85 56 
J92 296J 117 

9-263 10 
46-415 63 

1621-9983 170 
]{)_(mO R7 

34-3]9 40 
2-140 35 

1500-10,000 69 
3000-10.000 4S 

25-205 36 

Liquid 

*Cockett et al. [30] ...................................... .. 
"Gibbons [31]. ............................................. . 
*GoJubev and Dobrovolskii [32J ...................... .. 
~treett and ~taveley 133J ............................ .. 
Van Itterbeek and Verbeke [34J ................... .. 
Van ltterbeek and Verbeke [SS} .................... . 

·Weber [36] .............................................. .. 

85-120 
72-78 
77-133 
77-120 
66-91 
77,90 
SO-140 

25-200 
21-125 
49-435 

4-680 
13-J44 
79-815 
14-266 

63 
17 
59 

)07 
67 
13 
76 

Saturated liquid 

Goldman et aJ. [37] ...................................... ) 

!;:~::~;~j ~~.~~::::::::::::::: ::: ::::::: :::::: :::::: :::::: j 
79-126 
7S-10S 
66-ll1 

1-33 
1-10 

0.2-15 

30 
IS 
49 

Liquid on the freezing line 

Grilly and \1i1Js [39] .................................... 1 
I 

65-]20 77-3441 10 

*P-p-T data selected for the determination of the equation of slate. 

3. Preparation of Data for Use in the least 
Squares Fitting of the Equation of State 

3.1. Weighting the Data 

In a preliminary evaluation of the P-p-T data for 
nitrogen, estimates of the accuracy of the data were 
made, and the data sets to be used for determining 
the equation of statl" WP.TP. ~f>lf>(~tp.rI. (Compari;;.on!; of 

the equation of state were made to both the data used 
in fitting the equation and to the data not selected, to 
further verify the data selection.) Preliminary weighting 
of the P-p-T data for titting the equation of state used 
estimated uncertainties in density assigned to measure
ments from each experimenter. These uncertainty 
valLles weTe generally based on the experimenter's 
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estimates of the accuracy of his measurements. and on 
the estimated uncertainties expressed bv other data 
evaluators. In cases where there wa" very Jiltle informa
tion on the data, preliminary uncertaint ie~ were assessed 
till llie ucush of the jJrecision of the data. 

The uncertainty of the dependent variable (pressure) 
may be expressed as a function of 11](' ulI,'ertainlies of 
the independent variables (tem JkJ'at lire and density) 
by the error propagation formula. 

where (J'p is the uncertaint), ill pl'/'s.~lln~ due to the un
certainties in density (0'(,) ,.11,,1 in kmpcraturc (0'1'). 
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The isotherm derivative and the isochor derivative in 
eq (1) were taken from a preliminary equation of state. 
Incorporating the estimated experimental uncertainty 
in pressure, Up, the weighting factor to be applied 
to each data point in performing a least squares fit 
to the data may then be calculated as, 

] 
W= 2 2 

0"1' + Up 
.(2) 

However, it is usually difficult to determine independent· 
ly the uncertainty of each variable, and the preliminary 
weights applied to the data were calculated using the 
error propagation formula with the uncertainty in pres
sure determined from the estimated uncertainty in 
density of each data point. With this approximation, 

. the weighting function becomes, 

(3) 

The relative weights of the P-p-T data, as calculated 
by eq (3) were judged to be essentially equivalent to 
weights based on the uncertainties as determined by 
the error propagation equation, as expressed in eq (1), 
for most of the P-p-T data, with the following exceptions. 

(]) In the region near the critical point, the values of 
(i:JP la p h become very small, and values of W calculated 
by eq (3) were consequently very lerge. If separate 
estimates of uo. Up. U7' had been us~d with ~fJ (1), 
the resulting weights for the P-p-T data in the critical 
region would not have been disproportionately large. 

(2) In the low pressure vapor region, the values of 
(iiP/op h are again smalJ, which may have resulted in 
unrealistic weights for the P-p-T data in this region. 

(3) In the liquid region, values of (aPlap)r are very 
large, which may have resulted in weights for the 
liquid data that were smaller than would have resulted 
from weights based on eqs (1) and (2). 

As a consequence of the approximation of the uncer
tainties of the dependent variable as introduced by the 
use of eq (3), it was found that the accuracy of the equa
tion of state determined by a weighted least squares fit to 
P-p-T data with weights determined by eq (3) was not 
satisfactory in the vicinity of the critical point. This was 
considered to be a reflection of the disproportionately 
large weights used with thc P-p-T data in the critical 

region. 
.An alternate method of weighting the P-p-T data 

was then introduced, which was based on the equation 
of state, as determined by a weighted least squares fit 
with weights determined from eq (3). This method of 
weighting used the root-mean-square deviation in pres
sure for a given data set (usually an isotherm) from each 

experimenter. This rms deviation is expressed as, 

[
1 [ (P calc - P data)/P dataJ2] 1/2 

rms= N (4) 

where N is the number of data points. The weight for 
each data point based on the rms deviation is then, 

W 
(rms XPn~t~)2 

(5) 

The use of eq (5) avoids the errors in weighting intro
duced by the approximation of eq (3) as outlined above. 
Thc use of the rm! deviation f01 tht: calculaLiulI uf 

weights gives approximately the same weights as the . 
error propagation formula eq (3), except for the critical 
region, the low pressure vapor region, and the liquid 
region. In the use of eq (4), values of [Peale - P data) were 
assigned as average deviations for a given run (usually 
an isotherm) as reported by the experimenter. Although 
the equation being developed was to represent the entire 
P-p-T surface, an accurate equation of more limited 
range is easier to obtain, and rms values in eq (4) were 
determined from pressures calculated u.!ling prelimindlY 

equations of state valid only for limited ranges of the 
data. This procedure allowed for some judgment to be 
used to reflect systematic errors which appeared to be 
present in a data set. This judgment was based on com
parisons with data in the same region as reported by 
other experimenters. 

Following the development of the functional form of 
the equation of state using P-p-T data, calculated values 
of C,. and saturation density data to define the equilib
rium criteria for the liquid vapor phases were included 

in the least squares fit of the equation of state. The 
method of simulaneously fitting these data is discussed 
in section 4.2. The calculated isochoric heat capaci'ty 
data were weighted hy, W= 10,OOO/(Cv)2 with C1, 

in liter' atm/mol • K, and the saturation data by, 
W = 1001 (P + 0.01), with P in atm. The relations for 
the weights were determined to produce an equation of 
state which would return accurate calculated values of 
C,. and of the saturation densities without a significant 
change in the accuracy of the P-p-T representation ob
tained by an interim equation determined from P-p-T 
data alone. 

3.2. Temperature Scale Corrections 

The data sets used in this investigation span the period 
of the evolution of interim uniform temperature scales, 
terminating with the adoption of the International Prac
tical Temperature Scale of 1968 (lPTS-68) by the' 
Comite International des Poids et Mesures (CIPM) 
in October of }968 [106] . Tern perature scale corrections 
were applied to all experimental data to correct all data 
temperatures to the IPTS-68 scale as specified in-[92], 
[93J, [102J, and [104]. Details of the temperature 
scale corrections may be found in [107]. 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 
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4. The Determination of the Equation of State 

4.1. Analysis of the Functional Form of the Equation 
of State 

In the selection of the functional form for the equation 
of state, theory is inadequate to indicate the functional 
form of the equation except for some of the boundary 
conditions. Several years experience in the determina
tion of equations of state had indicated the terms of 
an equation of state that were generally useful in 

fitting P-p-T data. To systematically evaluate the 
terms in the equation of state, a stepwise multiple 
regression analysis was developed to ascertain the best 
of 50 terms for fitting the selected P-p-T data for 
nitrogen. The first term for the equation was selected 
as the one which had the highest correlation coefficient 
for the data used. The second term was chosen from 
among the remaining terms to provide the highest 
correlation coefficient for two terms including the 
first term as selected above. This procedure was eon
tinued until al1 50 terms with undetermined coefficients 
had been utilized in the final fit. The fitting process 
was then repeated with 45 terms by deleting the 5 
terms which had the lowest F-statistics of the group 
of 50, and repeated again with 43 terms after the deletion 
of 2 more terms with the least significant F-values. 
To eliminate further terms which had small or negligible 
contributions to the fit, the analysis of the F-statistics 
of the coefficients was continued until an equation was 
obtained with only one term with an F-statistic below 
the value of significance at the one percentile level. 
This resulted in eq (6) below. This equation, when fit 
to the P-p-T data for the entire ran/!e of available 
mellSllremenl'L hlld 3] coefficients with F-vlllues above 

the level for significance. 

P= pRT+ p2(NJT+ N2Tl12+ Na + N4/T+ N5/TZ) 
+ p3(N6T+N7+ Ns/T+N9/P) 
+ p4(NJoT+NlI ..... NdT) + p5(NJ3) 
+ p6(NJ4/T+ N1SIT2) + p7 (N16/T) 
+ p8(Nn/T+ N 1SIT2) + P!J(NJ9/TZ) 
+ p:l(N20/P + N2dP) exp (_yp2) 
+ p5(N22IP + Nn/T4) exp (_yp2) 
+ p7(N24/T2+ N2"/P) exp (yp2) 
+ p9(N26/Tz+ NdT4) exp (_yp2) 
+ pll (N2S/TZ + N29/P) exp (- yp2) 
+ pI3(N30/TZ + N3J/T3+N32IT4) exp (_yp2) (6) 

4.2. Simultaneous Least Squares Fitting of the Equation 
of State to Related Thermodynamic Property Data 

In a least square" fit to determine the coefficients 

for the equation of state it is often desirable to include 
related thermodynamic data with the P-p-T data. 
Procedures were developed for including the values 
of C,., and the criteria for phase equilibrium between 
saturated liquid and saturated vapor, simultaneously 
with the P-p-T data in a least squares fitting technique. 
The inclusion of C,. values proved successful for de-
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termining an equation of state which provides accurate 
second derivatives of the P-p-T surface. An equation 
which conforms to the conditions for phase equilibrium 
(i.e., the Maxwell criterion) is particularly useful since 
the integration of functions for property calculations 
along hypothetical isotherms through the two-phase 
region is then possible, and the use of an independent 
definition of vapor pressure as required in the Clapeyron 
relation is eliminated. (The inclusion of the Maxwell 
criterion with the least squares methods was recently 

described by Bender [94], [95], [96], and Wagner 
[50], [117].) Because of the paucity of data for the vapor 
near the saturated vapor states, and the disagreement 
in the liquid density values near the saturated liquid 
line (see figure 3), the calculated saturation density 
data were required in the least squares fit to achieve 
an equation of state which conforms to the Maxwell 
criterion. 

In the least squares formulation incorporating P-p-T 
d>ltl'lo iso"ho,;" hel'l' "<Ip>lcity d<l1l'l" and the ph<lse e(j1,iHb

rium conditions, the sums of the squares of the weighted 
residuals of the functions in table 2 were minimized 
simultaneously. Equations (A) and (B) express the 
fit parameters for the P-p-T and C,. data, respectively, 
ane eqs (C) and (D), the conditions for equilibrium for 
the liquid and vapor phases (Le., equal pressures and 
GiLL:" fUlIctioJl" of the :satuH1leu H4Uiu aIlu the :salunlleU 

vapor at a given temperature.) 

TABLE 2. Functions for simultaneous fitting 

Function 

P="i.NP,(p. T)+pRT 

C,.=T.NiCi(P. T)+C;. (8) 

(C) 

_ (l J) ( PSL) 'iNiGi""PS --- +RTln -
PSI, Ps\" Psv 

P, p. T. and C ,. are respectively the pressure, density. temperature. 
and constant volume heat capacity of data points used in the fit: 
Ps , Ts, PSL. PSI"' are the saturation pressure. saturation temperature. 
density of the saturated liquid. and density of the saturated vapor 
respectively; the Pi are the individual terms of the equation of state. 
the Clip, T) are given by 

C( T) - (P L [ ij'PI(p. T) ] .J 

I p- Jo p2 aT' up. 

the Gi are given by 

J 
P"Vi Pi(p, Ts) RTs] 

Gi = 1--' --- dp. 
I),gL L p~ P 

and the IVi are the coefficients of the equation of state to be determined. 

4.3. Critical Point Constraints for the Equation of State 

The finaJ coefficients of the equation of state were 
determined by a weighted least squares fit using the 
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criteria outlined above, and constrained to the critical 
point which was determined independently. The 
procedure for constraining the equation of state to a 

selected critical point used the method of undetermined 
LaGrange multipliers in the least squares fit. The 
eqllMinn of "t Me wfl" ~on"trfljnpcl to give fl pre!';!';urp of 
33.555 atm at a temperature and density of 126.20 K 
and 11.21 mol/liter, respectively, and a first and second 
isotherm derivative of zero at this selected critical point. 
(The vapor pressure equation was constrained to the 
same critical pressure and temperature, with the slope 
at the critical point constrained to the value of the slope 

of the critical isochor calculated from the equation 
of state.) 

4.4. Coefficients for the Equation of State 

The coefficients for the equation of state (6) for 
nitrogen are presented in table 3. These coefficients 
were determined by a weighted least squares fit using 
the functions given in table 2. The data used for the 
calculation of these coefficients included the P-p-T 
measurements, saturated liquid and vapor densities, 
and Ct.. values summarized in sections 2.1,2.2, and 2.3. 

TABLE 3. Coefficients for the equation of state (6) for nitrogen· 

Coefficient Numerical value Coefficient I Numerical value 

N, 0.136097243686983 X J 0- 2 1\'" - 0.110400310752087 X 10- 5 

N. 0.1 07028500555504 N" 0.341309483327025 X 10-a 

Na - 0.243926251659031 X 10' 11'" - 0.166216790652177 X 10- 5 

11', 0.341240789637052 X 102 ]\,'211 - 0.164616585853003 X lO' 
11', - 0.4229567\11527436 x j 0' 1\121 - 0.1l9724198386865 X 10' 
N, 0.105277159433708 X 10-' 11'" - 0.948085610750225 X lD' 
N, - 0.111355267180312 X 10-' 1V23 0.5~87%02331972 X 10' 
1\', 0.142748464727047 X 10-' N24 - 0.174677685666810 
N, 0.179621096187021 X )0' 11'.., 0.256709963280944 X ]0' 

11'", 0.751267113751007 X )0-: N,. 0.404528219006087 X 10-" 

Nil 0.23] 737284741220 X )O-~ 11'" 0.257279422571519 

11'" - 0.509008258448481 11' .. - 0.121204517440575 X 10-6 

N'3 0.488523311385766 X 10-' N"2~ 0.104690038752288 X ]0-' 

11'" 0.1l2001704676209 X )0- 2 Nao 0.529499586313775 X ]0-9 

11',. 0.678366343173806 11'31 0.774723053052639 X 10-' 

11'" 0.742796115735318 X 10-4 N" 0.6]0368224362452 X 10-' 

h = 0.0056; R = 0.0820562 liter ·atm/mol· K 
·Coefficients are for temperature in kelvin, pressure in atmospheres. and density in molsfljter. 

5. Comparison of P-p-T Data to the Equation 
of State 

Figures 2, 3, 4, and 5 illustrate the accuracy of the 
equation of state (6) in representing the P-p-T data 
selec.ted for the determination of the coefficients for the 
equation of state. The basis for data selection among the 
value:;; ltpvl"ttd Ly tht ."tVl:::lal tXjJtJiJlJt:ultll> WeU; CUll' 

cordance of data in the same region of the P-p-T surface, 
and the relative agreement with trends established by 
the data selected to define adjacent regions. The P-p-T 
data sets utilized in the calculation of the coefficients 
in table 3 consisted of 1246 weighted data points from 
18}, [9}, [10}, !14}, [19], [20], [22], [23], [24], [30],131], [32], 
and [36]. Comparisons were also made of data not used 
in determining the equation of state to confirm the data 
selections. Graphs of deviatiom between densities 
calculated by eq (6) and all the P-p-T data listed in 
table 1 were published in [107]. 

Figures 2, 3,4, and 5 are comparisons of the percent 
density deviation [(Pexp - Pealc)/Pexp] X 100, along ap
proximate isotherms (in figure 5, along approximate 

isochors). where Pexp is the observed density reported 
by the experimenter at a particular temperature and 
pressure, and Peale is the density calculated from eq 
(6) for each experimental temperature and pressure. 
The density deviations for some data points exceeded 
the percent density deviation scales used in figures 2, 
3,4, or 5, and are listed in table 4. 

Table;) lists the root-mean·square devlatIOl1s m pres· 
sure and in density for the various P-p-T data sets. 
Comparison of the several data sets should be made 
only for d"ta in the same ranges of pressure and tem

perature. Table 5 has, therefore, been divided into four 
ranges where the deviations of the data are comparable. 
In comparing these results consideration must also be 
given to individual differences of the various data sets. 
For example. the data by Saurel [24] is for pressU/'es con
siderably higher than the other data listed for vapor 
above 273 K (below 1000 atm) (see table 1). The vapor 
data by Friedman [10] below 273 K includes numerous 
points in the vicinity of the critical point where large 
deviations in density are expected. The data of Weber 
[36] listed under liquid in table 5 includes some data for 
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TABLE 4. P-p-T data with density deviations in excess of the scale used in figures 2,3, 4, or5 

Temp (K) Pressure Density deviation Reference Figure Temp (K) Pressure Density deviation 
(atm) (percent) (atm) (percent) 

1l0.02 8.91 -1.24 [10] 
lZ5.:!1 31.67 1.35 (10) 

125.73 32.12 -1.97 [10) 
125.73 32.77 -5.53 [10) 
125.73 31.66 -1.42 [10] 
125.73 31.21 -1.91 [10] 

126.17 33.17 -1.42 [10] 
126.17 33.08 -1.26 [10] 
126.17 33.46 -1.09 (10) 
126.17 33.51 -1.20 [10] 
103.16 194.60 -0.64 [32] 
119.99 25.00 - 0.61 [30] 
119.99 75.00 0.69 [30] 
133.14 45.79 0.97 [S] 

4 273.15 230.43 -0.20 
4 273.15 199.61 - 0.25 
4 299.97 llI.78 0.34 
4 299.97 153.76 -0.44 
4 398.15 2766.00 -0.26 
4 423.17 2437.94 -0.25 
4 423.17 2960.95 -0.36 
4 473.19 200.00 -0.27 
4 673.45 3466.07 -0.28 
4 673.45 3003.21 0.23 
4 673.45 2797.93 0.29 
4 1073.82 800.00 -0.28 
4 1073.82 700.00 -0.21 

133.14 40.74 -l.l1 [8] 
133.14 39.56 -0.89 [8] 
133.14 97.80 0.71 [32] 

Figure Temp (K) Density Density deviation 
(mul/liter) (percent) 

133.14 485.00 - 0.33 [32] 
143.14 66.67 0.41 [9] 
143.14 51.07 - 0.31 [9] 
150.03 91.35 - 0.32 [10] 
273.15 277.19 -0.21 [8] 
273.15 415.03 0.29 [8] 

5 132.00 9.4 -l.l6 
5 130.00 9.4 -1.59 
5 128.00 9.4 -2.39 
5 128.00 11.2 l.l5 
5 128.00 1l.2 1.24 

771 

Reference 

[81 
[10] 
[10] 
[10] 
[20] 
[20] 
[20] 
[24] 
[23] 
[23] 
[23] 
[24} 
[24] 

Reference 

[36] 
[36} 
[36] 
[36] 
[36] 
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TABLE 5. Root mean square deviation~ in densit'· and pressure of 
P-p-T data from the equation of state 

V apor- above 273 K (below 1000 atm) 

Ama12at 11) .......................... . 
I Amagat [2) ........................... j 

Bartlett et al. [4] .................... , 

Bartlett et a1. [5) ................. "'1 
Heuse and 0110 [12J ............ '''1 
Holborn and Otto 113] ...... : .. "'J 

"l1U!UUIU ~uJ Qllu 114] ............ I 

Hoiborn and Otto [l5J ...... ······1 
* ;\1ichels et a1. 119] ..................• 

\1iHer et a1. [21] .................... ! 
*Otto et a1. [221 ....................... J 

·SaurcI124] ........................... ~ 
Verschoyle [29J ..................... j 

0.298 
0.136 
0.315 

0.152 
0.009 
0.082 
0.066 

0.68J 
0.015 
0.264 
O.Oll 
0.074 
0.129 

Vapor- below 273 K (below 1000 atm) 

Benedic.t 16]. ......................... J 
"Canfield 18J ......................... . 
*Crain [9] ..... , ....................... . 
"Friedman 110J ....................... J 

Kamerlingh Onnes and van Urk I 
[16] ................................... : 

0.166 
0.077 
0.552 

6.105 

Vapor at high pressures (above JOOO aIm) 

Amagat [2] ............................ 
Benedict [7]. .......................... 0.279 
Maibrunot and Vodar [Ii] ... 3.570 
Malbtunot [18] ... 1.590 

·Michels et aJ. 0.053 
o.on 
0.580 

Tsiklis 0.483 

Liquid 

'Cocket et a1. 0.260 
"Gibbons [31J ......................... O.16J 
'Golubev and Dobrovolskii 0.352 
Streett and Staveley [331· ........ ; 0.377 
Van Itterbeek and Verbeke [34]. i 

135J .................................. ; 0.372 

'Weber [36J ... ·················.·.· .. ·i 0.496 

0.499 
0.402 
0.478 

0.42) 
0.009 
0.084 
0.060 

0.55) 
0.016 
0.303 
0.012 
0.093 
0.139 

0.225 
0.114 
0.166 

0.333 

1.786 
4.521 
2.327 
0.149 
o ??<1 

2.393 
1.423 

7.0n 
7.90) 

5.522 
26.805 

19.604 
0.813 

• P-p-T data selected for the determination of the equation of state. 

the low pressure vapor, and data along an approximate 
critical isochoT, which have significantly higher devia
tions than the remainder of the liquid data. 

The equation of state generally shows agreement with 
P-p-T data within the experimental uncertainty of the 
measured values. except in the vicinity of the critical 
point, in the low temperature liguid region, and in the 
high pressure supercritical region. The data in these 
regions are discussed below. 

5.1. Data Near the Critical Point 

The data of Friedman [lOJ (fill. 2) for temperatures 
above )25 K~ illustrate the imprecision of the data in the 

J. Phys. Chem. Ref. Data, Vol. :2, No.4, 1973 

region of the critical point. ]n this region the slopes of 
th~ isotherms, (aP/ap)r, are smalL and small errors in 
pressure result in large errors in calculated density. 
This is a difficult region for fitting the equation of state 
and also a difficult region for precise experimental meas
urements. Systematic deviations between the equation 
and the data near the critical point are apparent for 
isotherms above the critical temperature at 133.1 K and 
143.1 K in the data of Canfield [8J (fig. 4), and that of 
Crain lY) at 14:1.1 K (fig. 4), and for the data along the 
]].2 mol/liter isochor of Weber [36} (fig. 5). 

5.2. Low Temperature Liquid Data 

The data for the liquid from the several experimenters 
indicate a lack of agreement larger than the discordance 
for the vapor data. The differences between the liquid 
P-p-T data and equation (6) illustrated in figure 3 are 
generally systematic, but the trend of the deviations for 
data from various sources is dissimilar. Data selected 
for lhe determination of the coefficients of eq (6) cover 
most of the range of temperatures and pressures of the 
data that were not used (see table 1). 

Thf> r1f'TI!';ity r1f>viation" of th", f'fIlHlIion of state from 
the data of Weber [36] are illustrated on several iso
therms in figure 3 to facilitate comparison to other liquid 
data. All of Weber's data are compared with eq (6) in 
figure ;) tor approximate isochoric values between 9 
and 28 mol/liter. (At 9.47 mol/liter the state is vapor, 
while all other isochors are for liquid density values.) 
These data'exhibit general agreement with the equation 
of stale. although the isochoric plots indicate a sys
tematic deviation with a maximum discrepancy of -2.4 
percent for the 9.47 mol/liter vapor isochor, and sys
tematic trends are evident for the 11.2 and 16.0 mol/liter 
isochors. 

5.3 .. High Pressure Data 

Thf' data of Saurel [24] (shown in figure 4 for several 
isotherms from 423.2 K to 1073.8 K). and those of 
Robertson and Babb [23] (illustrated in figure 4 for 
several isotherms from 308.1 K to 673.1 K) were used 
in the determination of the equation of state. These 
measurements were judged to be the most accurate of 
the available high pressure data. and thus were used to 
define this region. The data of [l iJ, [18J, [27], [28], and 

. [88J exhibit large systematic deviations from the equa· 
tion of Slale. and are generally not in accord with 
measurements by the other experimenters. 

The high pressure P-p-T data of Cheng [88J include 
high pressure values at lower tf'lllpf'ratllrpo; th:m other 
available measurements. except for ~ome measurements 
of density on the fusion line. These measurements 
inc)ude 420 P-p-T values along ]6 isotherms ranging 
from 87 K to 309 K with pressures from 225 atm to 
}O,245 atm_ (The maximum pressures for data below 
200 K were the fusion lin(~ pressures.) The values of 
densitv calculated from the t'quation of state (6) deviate 
svste~atically from tilt' IllPasurements of [88j, with 
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maximum deviations generally within 1 percent, except 
for values near the fusion line (see fig. 7). These data 
are adjacent to the range of values measured by Robert· 
son and Babb [23], and overlap the measurements of 
Michels et al. [20] at temperatures of 273 K and 298 K. 
Values of density calculated from the equation of 
state (6) are essentially in agreement with the data of 
120] and [23] for these isotherms (see fig. 4). The agree
ment of the extrapolated values from the equation of 
t>lale willI ClleJlg':; Illed:'UI ement~ confirm", the validity 

of the extrapolation of the equation to the melting line, 
with an uncertainty as indicated by the agreement with 
the data from [88]. Comparisons of the density measure· 
ments of Cheng [88] on the fusion line are given in sec
tion6. 

6. Extrapolation of the Equation of State 

The P-p-T data for the saturated liquid and the freez· 
ing line were excluded in the determination of the 
coefficients of the equation of state (6). Extrapolations 
of the equation of state to the saturated liquid line have 
been made and are compared with the experimental data 
flOm I-eferellce~ [37], [38], and [87] in figure 6. The 

P-p-T values calculated for these comparisons were 
determined using the vapor pressure equation (9) to 
calculate the pressure corresponding to the measured 
temperature. A comparison of the density deviations for 
the lowest pressure values for each isotherm given in 
figure 3 to the density deviations given in figure 6, 
indicates the lack of concordance between these meas
ured data. In the least squares fitting of the equation 
of state, the values required for functions C and D in 
table 2 were determined 1'1<; olltlined in ~e('tion ?? 

The saturated liquid data of Brauns [87] were received 
after the coefficients for eq (6) had been determined. 

These measurements include one set of values from 66 
to 78 K, and a second set of measurements from 76 to 
111 K from a separate experiment using a different 
apparatus. Brauns has reported smoothed values in two 
tables which represent two separate experiments. The 
deviations between these smoothed values and eq (6) 

are illustrated in figure 6. 
Extrapolation of the equation of state to the melting 

curve was made with pressures on the melting curve 
determineu frollJ the SimoJl IIJdlillg o..:Ul VI:: t:qualiull (i) 

as reported by Grilly and Mills [39] with appropriate 
temperature corrections. 

P a+ bTc, (7) 

where a=-1579.08, b=O.926302, and c= 1.795, with 
pressures in atmospheres and temperatures in kelvin. 
Densities at the melting curve calculated from the equa
tion of state are compared to the measured values of 
Grilly and Mills [39J and Cheng IH~J in ligure 7. The data 
by Cheng [88] for the high pressure liquid are dis· 
cussed in section 5. 

In addition to the extrapolation of the equation of 

state in the liquid range it is also desirable to extrapolate 
the equation of state in the vapor phase to higher and 
lower temperatures. At both high and low temperatures, 
the dominant portion of the equation of state is 
pRT + p2(N1T -+- N2TII2 + N3 + N4/T+ Ns/T2). With eq 
(6) expanded as a power series (i.e., a virial equation), 
the second virial coefficient becomes. 

where the N; are the coefficients from table 3, and Tis 
the temperature in kelvins. Hence, the dominant terms 
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are the contributions from first and second virial terms. 
The contribution to the total pressure, as calculated 

by eq (6), from the ideal gas and second virial terms is 
illustrated in figures 8, 9, and 10. This contribution is 
expressed as \percent P= (&'IPeq ) .x. 100). where P eq 

is the pressure calculated from eq (6) at the specified 
temperature T, and density p, and&' is the contribution 
to the calculated pressure (Le., the sum of the ideal gas 

and second virial term (&' = pRT + B(T)p2/RT) in 
figures 8 and 9, and in figure 10 of the ideal gas term 
alone (&' = pRT) ) . 

Examination of figures 8, 9, and 10 indicates that the 
extrapolation of the equation of state for the vapor at 
high and low temperatures is reasonable, and for higher 
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temperatures IS essentially limited by the accuracy of 
the .second virial coefficient as predicted by eq (8) . 

well as vapor pressure measurements {112l. a new vapor 
pressure equation was developed for nitrogen. This 

. Figure 11 is a comparison of values from eq (8) with the 
experimental virial coefficients from the references 
cited~ Figure 10 indicates that eq (6) may also be extrap
olated to lower temperatures for the gas to the saturated 
vapor line. These comparisons indicate that the extrap
olations suggested have the anticipated physical features 
and are prudent for the range of values included in 

TABLE 6. Summary of vapor pressure data 

. these thermodynamic property tables. 

7. The Vapor Pressure Equation 

The literature reporting measurements of the vapor 
pressure of nitrogen is summarized in table 6. A pre
liminary study of the vapor pressure data. and a pre
·liminary vapor pressure equation were reported in [99] 

Source 

• Armstrong [40] ....................... 
Cath [41] .............................. 

j 
Crommelin [421 ...................... 
nrulg .. ann navi~ [<I.'H .............. 
Friedman and White [441 ........ 
Giauque and Clayton [45] ......... 
Keesom and Bijl (46] ...... : ......... 
Michels et aI. [47) ................... 
Moussa et al (481 ................... 
Porter and Perry [491 .............. 
Wagner [501 .......................... 

*Weher [36] ............................ 

Temperature Number of 
range (K) data points 

64-78 74 
58-84 10 
81-124 9 
76-122 !~O 

78-126 19 
65--78 10 
65--78 18 
97-125 10 
63-78 32 
90-121 12 
63-126 75 
65-126 47 

a~d[lOO]. Following the development of the equation 
for the vapor pressure of oxygen using calorimetric as "Data selected for the determination of the vapor pressure equation. 
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TABLE 7. Coefficients for nitfQgen vapor pressure equation (9)' 

Coefficient Numerical value Ii Coefficient Numerical value 
!1 

II', 0.8394409444 X 10" N. - 0.5944544662 x 10- 0 

l\'~ - 0.1890045259 X 10· N, 0.2715433932 x 10-' 
.11', - 0.7282229165 x 10' N, - 0.4879535904 x 10-' 0 

N4 0.1022850966 X 10- 1 No 0.5095360824 x H)" 

lv', 0.5556063825 >< ]0- 5 

*C(lefficient~ are for temperature in kelvin. and pre~sure in atmospheres. 

equation is the result of a least squares fit to the nitro· 
gen data of Armstrong [40], and Weber [36]. These data 
were used since they cover the range from the triple 
point to the critical point, have a high precision, and 
appeared to be the most accurate measurements avail
able. The vapor pressure measurements from {36j are 
reported by the experimenter to include possible sys
tematic errors in temperature of 0.003 K at 65 K increas
ing to 0.007 K at 140 K. and to have an accuracy in 
pTf'!':!':lIrp of 001 ppT('pnt. The form of the vapor pressure 

equation used in this work is 

t£:\0074C 

f"- 0.0106 
lZS0.0107 

t £:\0.0191 t 00.0116 

where Tc 126,20 K, the critical point temperature, T 
is the saturation temperature, and P is the. vapor pres
sure. The coefficients for this equation for temperature 
in kelvin and pressure in atmospheres are given in 
table 7. 

The neW vapor pressure measurements by Wagner 
[50] were brought to the attention of the authors follow
ing the determination of the vapor pressure equation. 
Wagner reports an accuracy of::: 0.005 K in temperature, 
and an uncertainty' of one part in 10,000 in preccurc. A 

comparison of the vapor pressure equation (9) with the 
data from [36], [40], [48], and [50] is given in figure 12. 
The data of the experimenters listed in table 6 not 
included in the comparisons of figure 12 are either not 
concordant with the data of [36J, [40], [48], and [50], or 
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FlGl1RE 12. Deviati()n~ of nitnJl!en vapor preS1'ure equation (9) from sel,·('lt'd "'I'"r p",,,,,rt· data. 
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exhibit imprecisions which are an order of magnitude 
larger than that of the selected data. Equation (9), with 
the coefficients given in table 7 gives a temperature at 
one atmosphere pressure of 77.347 K. This value is 
0.001 K lower than the value published as a secondary 
reference point for the International Practical Tempera· 
ture Scale of 1968 [93]. 

A recent paper by Wagner [90] reports a new vapor 
pressure equation which may be more accurate than 
eq (9), Wagner indicates that the data of [36], [40], 
[48], and [50] cover a field of maximum deviations of 
0.006 K, whereas figure 12 illustrates a field of maximum 
deviations of 0.01 K. Slllct: t:g (9) lepl·e:;ent:; the data of 

[36] and [50] within the reported accuracy of the meas· 
ured aata, the determination of the coefficients for the 
vapor pressure equation was not repeated to include 
the new data from [50]. 

The vapor pressure equation has been constrained 
at the critical point to a temperature of 126.20 K, a 
pressure of 33.555 atmospheres, and the slope dPldT 

of 1.6569 atm/K, which is the value of (ap/aT) p at the 
critical point from the equation of state (6). In the cal· 
culation of the thermodynamic property tables, the 

vapor pressure equation (9) was used only to determine 

the vapor pressure for the saturatjon table, and the 
saturation temperature for each isobar. 

8. The Ideal Gas Heat Capacity 

The values for ideal gas heat capacity used in the 
calculation of the thermodynamic property tables are 
.from [85] and [86]. These values appear to be the most 
accurate to date. 

The equation suggested by Barieau [91], has been 
fitted to the data from [85J. This equation IS 

q/R Nt /T3 + N2/P + Ns/T+ N4 + N5T+ N6P +N7T3 

+ N~u2eU/(e!l -lP, (10) 

where C~ is the ideal gas heat capacity, T the tempera· 
ture, and I.L = N9/T. The coefficients for eq (10) with 
values of T in kelvin are given in table 8. 

Table 9 is a llsting of the ideal gas heat capacity values 
(q/R) as a function of temperature as reported in [85]. 
A comparison between these values from [85) and values 
calculated from eq (l0) indicates exact agreement 
within the number of figures reported, except above 
1200 K. Above 1200 K the diffE'ren~e" betwepn the V",hl"~ 
from eq (10) and from IS5] is no more than ± 0.0001. 

TABLE 8. Coefficients for the ideal gas heat capacity equation (10) for nitrogen 

Coefficient Numerical value Coefficient Numerical value 

N, - 0.7352104012 X 103 II's 0.1746508498 x 10-' 
N, 0.3422399804 X lOt lV. 0.3568920335 X lO-' I 
N. 0.5576482846 NB 0.1 005387228 X lO' 
iV. 0.3504042283 X 10 ' N9 3353.4061 
N. - 0.1733901851 x 10-' 

TABLE 9. Values of ideal gas heat capacity, C$/R, from Baehr TABLE 9. Values of ideal gas heat capacity, Cg/R, from Baehr 
et a!. [85] et al. [85]- Continued 

Temperature qlR Temperature qiR Temperature qIR Temperature qIR 
(1<) (1<) (1<) (K) 

50.0 3.4999 270.0 3.4995 490.0 3.5487 710.0 3.7014 
60.0 3.4998 280.0 3.4998 500.0 3.5538 720.0 3.7095 
70.0 3.4998 290.0 3.5001 510.0 3.5591 I 730.0 3.7176 
80.0 3.4997 300.0 3.5006 520.0 3.5647 ! 740.0 3.725; I 

90.0 3.499i 310.0 3.5011 530.0 3.5705 
I 

750.0 3.7338 
i ]00.0 3.4996 320.0 3.5018 540.0 3.5765 i 760.0 3.7419 

110.0 3.4996 330.0 3.5027 550.0 3.5828 

I 

770.0 3.7500 
120.0 3.4995 340.0 3.5038 560.0 3.5892 780.0 3.7581 
]?o 0 ?.499:' 350.0 ?.SOSO .~70.0 3.5958 I 790.0 3.7662 
140.0 3.4994 360.0 3.5065 580.0 3.6026 

I 

800.0 3.7742 
150.0 3.4994 370.0 3.508] 590.0 3.6095 810.0 3.7822 
]60.0 3.4994 380.0 3.5101 600.0 3.6166 820.0 3.7902 
170.0 3.4993 :\90.0 3.5122 610.0 3.6239 i 830.0 3.7982 I 

180.0 3.4993 400.0 3.5147 620.0 3.6312 I 840.0 3.8061 

190.0 3.4992 410.0 3.5]74 630.0 3.6387 I 850.0 3.8139 

200.0 3.4992 420.0 3.5203 640.0 3.6463 I 860.0 3.8217 

210.0 3.4992 430.0 3.5235 650.0 3.6539 
./ 

870.0 3.8295 
220.0 3.4992 440.0 3.5270 660.0 3.66l7 880.0 3.8372 
230.0 3.4992 450.0 3.5308 670.0 3.6695 Ii 890.0 3.8448 
240.0 3.4992 460.0 3.5349 680.0 3.6i74 " 900.0 3.8524 
250.0 3.4993 470.0 3.5392 690.0 3.6854 Ii 910.0 3.8599 

I' 
260.0 3.4994 480.0 3.5438 700.0 3.6934 11 920.0 3.8674 
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TABLE 9. Values of ideal gas heat capacity. C~!R. from Baehr 

et al. [851- Continued 

Temperature I q/R Temperature C;~/R 
(K) I (K) 

930.0 3.8748 1350.0 4.1192 
940.0 3.8821 1400.0 4.1404 
950.0 3.8894 1450.0 4.1601 
960.0 3.8966 1500.0 4.1786 
970.0 3.9037 1550.0 4.1959 
980.0 3.9107 1600.0 4.2120 
990.0 3.9177 1650.0 4.2271 

1000.0 3.9246 1700.0 4.2413 
1050.0 3.9579 1750.0 4.Z546 
1100.0 3.9893 1800.0 4.2671 
1150.0 4.0188 1850.0 4.2789 
1200.0 4.0465 1900.0 4.2899 
1250.0 

i 

4.0724 1950.0 4.3003 
1300.0 4.0966 2000.0 4.3101 

9. Derived Thermodynamic Properties 

The values of entropy. enthalpy, internal energy, the 
isotherm derivative. the isochor derivative, C,., Cpo and 
the velocity of sound at variolls state points are calcu· 
lated from the equation of state (6), and the ideal gas 
heat capacity equation (10). The vapor pressure equa

tion (9) and the Simon melting curve equation (7) were 
used to identify the temperatures of the phase change~ 
from vapor to liquid. and solid to vapor, respectively. 
for each isobar. The representations for the properties 
are continuously integrated through the two· phase 
region to calculate properties in the liquid ranlle. This 
was made possible by the fitting procedures employed 

in the development of the equation of state as described 
in section 4.2 in which the conditions for two-phase 
equilibrium were included in the least squares deter
mination of the coefficients for the equation of state (6). 
The thermodynamic formulations for the calculation of 
the thermodynamic property tables are summarized in 
the following paragraphs. Functions for the integrals 
and derivatives of the equation of state required to 
perform these calculations are given in Appendix A. 

The entropy of any thermodynamic state was calcu· 
lated from 

S(T, p) S~" + J7~ (C~JT)dT R In (RTp) 

+ J.P [Rip - (llp2) (aPlaT)p]1{/.P. Ill) 
o 

The ideal gas specific heat, C;, is from eq (l0). The 
reference entropy of the ideal gas at To = 298.15 K and 
Po = 1 atmosphere,S~o = ]91.502 ± 0.025 joules/mol' K 
is taken from [98J. 

The enthalpy of any state may be calculated from 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 

H(T,p)=H~. + T (p [(PITp2) 
o )0 

- (l/p2) (aPlaT)p]rdp 

+ (P - pRT)/p + (1' C~dT. (12) J1 0 

However, it is convenient to replace the first integral 
term in eq (12) as follows: 

T foP [(PITp2) - Ojp2) (aPlaT)p]rdp 

"'" T r [(R/p) - (lfp2) (aPlaT)p]rdp 

+ loP [(Pjp2) - (RTjp)]rdp. (3) 

By substitution of the identity of (13) in eq (12), the 
expression for enthalpy is given as 

H(T, p) = H~. + T (P [(RIp) - (l/p2) (aPlaT)p]rdp 
Q Jo 

+ foP [(P/p2) - (RT/P)}rdp+ (P-pRT)/p 

+ IT: Ci,dT. (14) 

The reference enthalpy of the ideal gas at To= 298.15 K 
of H~o = 8669 ± 3 joules/mole was taken from the value of 
(HO- HS) in [98) with H8= 0.0. The internal energy of 
!i fluid state was calculated from 

U(T, p)=H(T, p)-Pjp. (5) 

The specific heat at constant volume, Cv , of liquid and 
gas phasc points was calculated uaing the relation 

(16) 

where cg at temperature, T, is calculated from eqn 
(10). The specific heat at constant pressure, Cp , is given 
by 

Cp(T, (I)=C,.(T, (1)+ [(T/p2) (ap/aTH/(aPj3p)rJ (17) 

It is notable that the calculation of properties from 
the equation developed in this work is considerably 
simplified from the prior methods of [99] by the con
tinuous integration along isotherms through the two· 
phase region due to the imposing of the requirements 
for phase equilibrium in the determination of the 
equation of state. Differences between values of the 
thermodynamic properties for the liquid calculated by 
continuous' integration along isotherms through the 
vapor-liquid phase change, and those calculated by 
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TABLE 10. Comparison between liquid thermodynamic properties of nitrogen calculated by con· 
tinuous integration along isotherms and the Clapeyron equation for the vapor·liquid 
phase change. 

(Subscript c refers to Clapeyron calculation, b to continuous integration; H = enthalpy, 
5 = entropy, C,.= isochoric heat capacity, W = velocity of sound.) -

Temp Hb 
\ 

Hc-Hb Sb 
\ 

Sc-Sb CVb I C"c-C"b W,; 
I 

Wc-Wb 

(K) 

(J/mol) (J/mo]' K) 

65 -4109 -t-1 69.60 0.08 

70 -3826 -12 73.80 .08 
75 -3538 -13 77.75 .11 
80 -3248 -15 81.47 - .14 
85 -2954 -19 84.99 - .W 

90 -2656 -21 88.34 .20 
100 -2033 -18 94.73 -.16 
110 -1345 -16 100.99 - .15 
120 -505 +14 107.85 +.11 
126.20 863 0 118.41 

use of the Clapeyron equation for the phase change are 

given in table 10. The differences in liquid properties 
indicated in table 10 are generally within the uncertainty 
of the property values. 

10. Comparison of the Equation of State with 
Related Thermodynamic Data 

Experimental measurements of properties of nitrogen 
in addition to the P-p-T data are available for compari
son to values calculated using the equation of state 
developed in this work. Comparisons between measured 
and calculated values of the heat capacities, latent 
heats of vaporization, enthalpies, and sonic velocities 
are reported here. The thermodynamic property formu
lations used in the calculation of various properties 
from the equation of state are presented in the preceding 
section. 

10.1. Calculated Heat Capacity Values 

Values of Cp and Ct. for nitrogen calculated by inte
gration along isotherms using eq (6) with coefficients 
from table 3 are illustrated in figures 13 and 14 for iso
bars of 1, 10, 40, 100, 150, 200, and 400 atm. 

10.2. Comparison to the Estimated Isochoric Heat 
Capacity Data Used in the Least Squares Fit for the 
Equation of State 

0 

In the determination of the coefficients for the equa
tion of state, the 396 values of Cv described in section 
2_3, W~T~ ll!'.~d. Thp~F. gpnprat~d valllP~ of C,. WPTP com
pared with isochoric heat capacity values calculated 
with the equation of state (6) and the ideal gas heat. 
capacity eq (10). This comparison shows that only 19 
of the calculated Cv values differ from the corresponding 
generated data in excess of 5 percent. Two-thirds of the 
calculated Cv values differ from the generated data in 
excess of 1 percent, and 53 values have differences 

(J/mol· K) (m/s) 

27.71 -4.45 1247 :;2 

28.50 -.71 1092 5 
28.11 .29 983 2 
27.49 -.66 894 5 
26.% -.[,9 0)7 4 

26.57 -.05 746 0 
26.19 +.39 6]3 -2 
26.21 +.55 484 -3 
26.86 +4.94 338 -26 
30.68 0 182 0 

exceeding 2 percent. The root-mean-square deviation 

between the calculated Cv values and the input values 
is 4.14 percent. Since the estimated uncertainty of the 
396 Cv values used for the determination of the equation 
of state is 5 percent, the accuracy of the equation of 
state for use in calculating heat capacity values was 
considered to be satisfactory. 

SUIl1~ uf th~ \':alculalt:J valut:h uf Cv whkh JHTt:Jt:J ill 

excess of 5 percent from the input Cv values were near 
the critical point (i.e., for isochors between 7 and 13 
mol/liter and temperatures from 126 K to 131 K). The 
remaining data points with deviations in excess of 5 
percent were in .the low temperature liquid, (i.e., for 
isochors from 27 to 31 mol/liter and temperatures from 
7'2 K to ~I:S K). The maximum (;" deviation observed in 
the critical region was 16 percent, and in the low temper
ature liquid region, 12 percent. 

10.3. Comparison of the Heat Copacity Data 

Comparisons of isobaric heat capacity values, Cp , 

calculated from the equation of state (6) and the ideal 
gas heat capacity equation (10) to measured values from 
Krase and Mackey [55] and Mage et al. [56] are given in 
table 11. The data reported in [56] also includes the 
values from [52] and [54]. The isobaric heat capacities, 
Cp , listed in table 11 from [55] and [56] agree with the 
values calculated from the equation of state generally 
within 0.6 percent, except for five values of Mage et al. 
[56] in the region of the critical point where the calcu
lated Cp values reflect the imprecision of the ex peri· 
mpntal data and thp fitting prohlpm!'. in the r.ritical 
region. 

Comparisons of isochoric heat capacity values, C1;, 

calculated from the equation of state (6) and the ideal 
gas heat capacity equation (10) to measured values along 
the critical isochor published by Voronel et al. [57] are 
also given in table 11. (The value of the critical density 
determined in this work is 11.21 mol/liter while that of 
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TABLE j 1. Comparisrll1 .. ,f heat ('apadty mf'a~urem .. nt,. with val lies 

("aicuiat .. d from till' equation of ,tBtt' (6) and the ideal l!a" 
h"'at capacity <'quation (] 0) 

TABLE 11. Compari!:,QIl of h.'at capacity measuremcnt~ with valut'~ 

cakulated from the equation of state (61 and tht' ideal!:"> 
heat capadtv equati<lll (10)- C.mtinued 

CompariS<)B to C" data of Kra.e and Mackey 1.~5; 
~ 

I ! 
Temp Pret'~ C/, [55) I j,C/; Temp Pres~ C1, [55J :1C,; 

i 
IK) l13tm) !Jim"l· K) 

! 
!Jim"j· K) (K) \111m) IJImoj· K) IJ/mol'KJ 

303.1 28.94 I -0.22 303.1 SOO 38.19 0.0::: I 

303.1 50 31.03 
i 

-0.31 .'103.1 600 38.27 O.]~ 

303.1 iOG 33.17 -O.2(] 303.1 700 38.36 0.3.'; 

303.1 200 36,12 -u.](1 323.1 28,Y!! ·--0.J8 

303.1 300 37.44 -0.22 32:-U 100 32.33 --- (;A~~ 

303.! 400 . 3i,98 (),]~ 323.1 200 34.84- -0..1, 
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TABLE 11. Comparison of heat capacity measurements with values 
calculated from the equation of state (6) and the ideal gas 
heat capacity equation (10)- Continued 

Comparison to Cp data of Krase and Mackey [55) 

Temp Press Cp [55) ~C~ 
(K) (atm) (J/mo]' K) (J/mo]'K) 

323.1 300 36.43 -0.16 
323.1 400 36.89 -0.26 
323.1 500 37.06 -0.28 
323.1 600 37.10 -0.27 
323.1 700 37.19 -0.15 
323.1 800 37.23 -0.05 
373.2 1 29.06 -0.14 
373.2 50 30.19 -0.32 
373.2 100 31.32 -0.38 
373.2 200 33.17 -0.38 
373.2 300 34.46 -0.23 
373.2 400 34.97 -0.38 
373.2 500 35.13 -0.56 
373.2 600 35.30 -0.57 
373.2 700 35.39 -0.57 
398.2 1 29.10 -0.14 
398.2 50 30.15 -0.22 
398.2 100 30.99 -0.40 
398.2 200 32.50 -0.49 
398.2 300 33.54 -0.50 
398.2 400 34.21 -0.47 
398.2 500 34.59 -0.47 
398.2 600 34.76 -0.52 
39B.2 700 34.97 0.44 
423.2 1 29.15 -0.15 
423.2 50 30.11 0.16 
423.2 100 30.82 0.34 
423.2 200 32.08 0.49 
423.2 300 33.04 -0.48 
423.2 400 33.58 -0.56 
423.2 500 34.04 -0.50 
423.2 noD 34.34 0.4:; 
423.2 700 34.55 -0.39 

Comparison toCp Data of Mage et a!. [56) 

Temp range (K) Press (atm) Cp [56] ~Cr 
O/mol· K) (J/mol·K) 

268.3-279.6 10.0 29.58 -0.09 
222.7-233.9 10.0 29.87 -0.13 
194.3-205.0 10.0 30.23 -0.17 
166.6-177.7 10.0 31.02 -0.06 
267.7-279.0 20.0 30.19 -0.07 
222.7-233.9 20.0 30.85 -O.ll 
194.3-205.3 20.0 31.62 0.20 
166.6-177.6 20.0 33.53 0.05 
116.5-119.2 27.2 94.76 2.48 
122.5-124.7 33.6 166.32 25.25 
122.5-125.6 33.6 265.07 99.49 
122.5-125.7 33.6 496.48 323.99 
122.5-128.0 33.6 409.22 -1.38 
122.5-153.0 33.6 128.31 -0.35 
267.8-279.0 40.0 31.35 -0.09 
222.7-234.0 40.0 32.86 0.10 
194.3-205.3 40.0 34.98 0.08 

TABLE 11. Comparison of heat capacity measurements with values 
calculated from the equation of state (6) and the ideal gas 
heat capacity equation (10)- Continued 

Comparison to Cp Data of Mage et a!. {56) 

Temp range (K) Press (atm) Cp [56] ~C;* 
(J/mol'K) (J/mol'K) 

166.6-177.7 40.0 39.85 -0.04 
119.3-125.1 40.0 96.50 0.81 
267.8-279.2 80.0 33.67 0.04 
222.8-234.1 80.0 37.19 0.07 
194.3-205.3 80.0 42.32 -0.15 
166.6-177.7 80.0 57.19 0.72 
119.3-125.0 80.0 66.63 0.23 
267.8-279.0 136.1 36.48 0.06 
222.9-234.2 136.1 41.78 0.07 
194.3-205.4 136.1 49.36 -0.16 
166.6-177.6 136.1 61.38 0.13 
146.6..-148.0 136.1 64.90 0.35 
146.0-150.3 136.1 65.17 0.40 
146.0-154.6 136.1 65.58 0.49 
146.0-165.4 136.1 65.51 0.41 
126.9-129.1 136.1 59.82 0.27 
126.9-131.3 136.1 60.23 0.41 
126.,!H35.4 136.1 60.85 0.51 
119.3-125.1 136.1 58.01 -0.20 

Comparison to Cv data of Voronel [57) 

Temp Cv[57) CVC(>.I<: Temp C,;[57) CVe• te 
(K) (J/moj· K) O/mol· K) (K) (Jfmol' K) (l/mo]' K) 

126.21 95.7 30.7 
126.22 94.8 30.7 
126.23 85.6 30.7 
126.23 87.9 30.7 
126.23 79.5 30.7 
126.25 79.7 . 30.7 
120.25 H4.2 
126.26 76.6 
126.27 77.8 
126.29 75.7 
126.29 71.0 
126.33 65.3 
126.34 67.9 
126.34 65.6 
126.38 65.0 
126.38 61.5 
126.45 58.8 
126.40 58.8 
126.47 56.6 

*~Cp=Cp[55] -Cp ) 
**~Cp=Cp[56] _C:a 

c 
calc 

3U.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.6 
30.7 
30.6 

126.57 54.7 30.6 
126.73 50.5 30.6 
126.87 49.2 30.5 
126.97 47.1 30.5 
127.06 45.8 30.5 
127.35 43.8 30.4 
l:l/.\ll 41).4 30.2 
128.75 37.6 30.0 
129.79 35.7 29.8 
130.87 34.0 29.5 
131.97 32.8 29.2 
133.10 31.8 29.0 
135.36 29.9 28.5 
136.34 30.0 28.3 
142.18 28.1 27.3 
143.05 27.8 27.1 
155.66 26.4 25.6 
156.72 26.1 25.5 
167.04 26.1 24.6 

[57] is 11.1 mol/liter.) The calculated values of C v do not 
exhibit the large increase in value near the critical point 
that is evident in the data of [57]. It is well known that 
the critical region is non-analytic, and all analytic 
equations must fail in this region. 
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Some of the data reported in [57] are for temperatures 
below 126.20 K (i.e., for the two-phase fluid). These two
phase data points are not included in the comparison in 
table 11. 

10.4. Comparison of Latent Heat Data 

Furukawa and McCoskey [53] have published meas
ured latent heats of vaporization at low temperatures 
(67 K-78 K). and Jones [54] has presented five measure
m",nts of the latent heat of vaporization for the range 
from 119 K to 124 K. The comparisons of calculated 
values from eqs (6), (9), and (10) to these measured values 
are given in table 12. 

TABLE 12. Comparison of latent heats of vaporization from [53) 
and [54J with values calculated from equations (6), (9), 
and (10). 

Comparison to data of Furukawa and McCoskey [531 

Temperature 
(K) 

67.96 
67.96 
73.09 
73.09 
78.02 
78.01 

Pressure 
(atm) 

0.28 
0.28 
0.59 
0.59 
].08 
].08 

Latent heat [53] 
(joules/mole) 

5901.6 
5899.0 
5739.1 
5732.1 
5579.4 
5563.1 

L[53]-Leak 00 
L[53] X 1 

(percent) 

0.29 
0.24 
0.40 
0.28 
0.70 
0.4] 

Comparison to data of Jones [54] 

Temperature Pressure Latent heat [54] 
x 100 

(K) (atm) (joules/mole) (percent) 

119.20 23.80 2702.3 -1.l0 
119.19 23.80 2678.2 -2.04 
121.89 27.18 2220.4 -2.33 
124.29 30.61 1681.3 0.56 
119.16 23.80 2714.7 -0.82 

10.5. Comparison of Enthalpy Data 

Wiener [58] has reported measurements of the en
thalpy of nitrogen made prior to measuring hydrocarbon 
enthalpy values. A comparison of the measured enthalpy 
values by Wiener to values calculated from the equation 
of state (6) is presented in table 13. The values of [58] 
have been aojll!'\tecl to the ideal gas referenoe enthalpy 
of 8669 joules/mole at 298.15 K from the datum of 
0.0 Btu/lbm at 75 F and 14.7 psia used in [58]. Wiener 
has estimated the accuracy of the measured values of 
[58] as ± 130 joules/mole. The calculated values of en
thalpy at the experimental temperature and pressure 
are well within this uncertainty with the exception of the 
two points which are indicated in [58] to be in doubt. 
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TABLE 13. Comparison of enthalpy data with values calculated, 
from the equation of state (6) and the ideal gas heat 
capacity equation (10) 

Comparison to data of Wiener [58] 

Temperature ! Pressure H[58] H{58]-Healc 
(K) (atm) (joules/mole) (joules/mole) 

138.71 67.37 621 -248 
142.59 52.06 1988 -107 
142.04 :!!oI.:!t> 3551 323 
]45.93 28.58 3421 -10 
143.15 21.78 3551 8 
142.04 17.69 3616 -16 
158.11 :!!l.Y:! 3877 -69 
159.26 28.58 4072 96 
199.82 51.72 5049 -22 
202.04 28.99 5505 33 
207.59 65.32 5179 -1 
310.93 34.02 8826 -24 
322.59 27.90 9151 -85 
359.26 40.83 10258 -33 
4:11.48 47.63 12146 10 
422.04 40.83 12146 -41 
449.26 47.63 12993 -3 

Comparison to data of Dawe [89J 

Temperature I Pressure H[89] HI89] - H calc 

(K) ! (atm) (joules/mole) (joules/mole) 

273.15 1.0 7934.6 0.8 
283.15 1.0 8225.5 0.2 
293.15 1.0 8517.1 0.2 
357.65 1.0 ]0397.7 0.0 
273.15 4.0 7911.9 1.1 
283.15 4.0 8204.6 0.6 
293.15 4.0 8497.6 0.6 
357.65 4.0 10385.9 0.5 
273.15 7.0 7889.2 1.4 
283.15 7.0 8183.7 1.0 
293.15 7.0 8478.2 1.0 
357.65 1.0 10374.1 1.0 
273.15 10.0 7866.6 1.6 
283.15 10.0 8162.9 1.4 
293.15 10.0 8458.9 1.3 
357.65 10.0 10362.4 1.5 
273.15 14.0 7836.7 1.9 
283.15 14.0 8135.3 1.8 
293.15 14.0 8433.3 l.i 
357.65 14.0 ]0346.9 2.0 
273.15 17.0 7814.3 2.1 
283.15 17.0 8114.6 2.0 
293.15 17.0 8414.2 1.9 
35/.t>!> 17.0 10335.3 2.3 
273.15 20.0 7792.1 2.3 
283.15 20.0 8094.1 2.2 
293.15 20.0 8395.2 2.1 
357.1l!> 20.0 10323.8 2.6 
273.15 30.0 7718.7 2.7 
283.15 30.0 8026.3 2.6 
293.15 30.0 8332.7 2.7 
357.65 30.0 10286.1 3.4 
273.15 40.0 7646.7 3.0 
283.15 40.0 7959.7 2.6 
293.15 I 40.0 8271.5 2.9 
357.65 40.0 10249.2 3.8 
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TABLE 13. Comparison of enthalpy data with values calculated 
from the equation of state (6) and the ideal gas heat 
capacity equation (lO)-Continued 

Comparison to data of Dawe [89] 

Temperature Pressure HI89] H[89] -Heale 

(K) (atm) uoules/mole) Goules/mole) 

273.15 50.0 7576.4 3.0 
211B.I5 50.0 71194.6 2.4-

293.15 50.0 8211.7 3.0 
357.65 50.0 10213.3 3.9 
273.15 60.0 7507.8 2.9 
283.15 60.0 71131.2 2.0 

293.15 60.0 8153.5 2.9 
357.65 60.0 10178.5 3.8 
273.15 70.0 7441.2 2.7 
283.15 70.0 7769.8 1.5 
293.15 70.0 8097.1 2.6 
357.65 70.0 10144.9 3.6 
273.15 80.0 7376.8 2.4 
292.16 90.0 7710.5 1.2 

293.15 80.0 8042.6 2.3 
357.65 80.0 10112.6 3.3 

273.15 90.0 7314.8 2.2 
293.16 90.0 7653.6 1.0 

293.15 90.0 7990.1 2.0 
357.65 90.0 10081.7 3.1 
273.15 100.0 7255.3 2.1 
283.15 Illltll 7!,>qcUI 1.2 
293.15 100.0 7939.8 1.9 
357.65 100.0 10052.3 3.1 

New enthalpy measurements for nitrogen by D'awe [89] 
show very close agreement with the values calculated 
using the equation of state (6). A representative com pari
!'Ion of the enthllipy vllines from {RQ) to ClllcnlAted vl'lines 

is indued in table 13. These data are more precise than 
the other available enthalpy data for nitrogen, and serve 
to further establish the validity of the derivative behavior 
of the equation of state. 

10.6. Comparison of Selected Velocity of 
Sound Data 

The velocity of sound data from references [63] 
through [84] have been reviewed, and the data from [74], 
[75], [76], and [84] have been selected for comparison in 
table 14 with sonic velocities calculated from the equa
tion of state. The values given in table 14 include data 
for the liquid, the vapor to high pressures, and values 

for the saturated liquid and the saturated vapor. A large 
proportion of the available velocity of sound data for 
nitrogen not included in these comparisons is for pres
sures of I atmosphere or less. 

The calculated values of the velocity of sound for the 
vapor phase including the saturated vapor and the high 
pressure region above the critical temperature are 
generally within I percent of the measured values. 
However, deviations for the calculated sonic velocities 
in the low temperature liquid region are as large as 
12 percent, while the saturated liquid values indicate 

TABLE 14. Comparison of selected velocity of sound data to 
calculated values 

Comparison to low temperature liquid data of [74] 

Pressure 1 Temperature Experimental Wdata - Weale X 100 
(atm) , (K) velocity of sound WO• I' 

: (m/s) (percent) 

84.3 113.6 589 1.73 
68.3 109.2 617 2.02 

104.7 113.4 634 2.15 
104.7 113.6 631 1.95 
42.2 104.8 614 0.66 
43.6 105.0 616 1.00 

57.1 105.9 629 1.24 
94.8 110.2 646 L81 

126.8 113.8 659 1.82 
104.7 109.5 666 1.84 

8.5 90.6 725 -2.38 
8.5 90.6 726 -2.24 

46.9 85.5 819 -2.89 
AAO fl.7 (i fl.!l.(i -117 

136.9 91.0 850 0.16 
38.4 84.3 822 -3.72 
84.3 87.7 834 -1.12 

134.3 90.6 853 0.30 
8.2 81.0 - 826 

I 
-6.76 

1.6 77.6 851 -9.89 
8.1 75.3 883 -10.87 

52.0 77.5 897 -6.64 
116.6 81.0 917 -2.39 
61.5 77.6 902 -6.30 

121.9 80.9 920 -2.47 
1.7 73.6 896 -12.82 

112.6 

i 

75.0 959 -5.97 
111.5 75.0 959 -5.93 
120.0 73.8 975 -6.35 

Comparison to saturated liquid data of (75) 

Temperature Experimental Wd.la:-Wealcx 100 
(K) velocity of sound W data 

(m/s) (percent) 

65.4 968 -27.16 
66.4 959 -24.81 
68.1 942 -21.37 
70.0 924 -18.21 
71.9 905 -15.64 
74.2 881 -13.17 
76.0 864 -11.44 
79.3 831 -8.99 
79.6 829 -8.77 
80.3 822 -8.31 
82.7 796 -6.95 
83.2 791 -6.69 
84.9 772 -5.85 
86.7 755 -4.93 
86.9 753 -4.79 
87.4 748 -4.54 
88.2 739 -4.26 
91.3 705 -3.27 
93.1 685 -2.72 
97.4 636 -1.74 
99.4 612 -1.47 

101.2 590 -1.36 
103.7 559 1.22 
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TABLE 14. Comparison of selected velocity of sound data to 
calculated values-Continued 

Temperature Experimental IT'd"t" - IT'",'k X 100 
(K) velocity of sound WdatC:l 

(m/s) (percent) 

108.7 493 -1.50 

1l0.2 472 -1.73 

112.9 434 -2.32 

115.0 403 -3.05 
117.1 369 -4.22 

119.3 329 -6.30 
119.4 327 -6.11 
120.2 313 -6.91 
121.2 290 -9.10 
122.4 265 10.52 
124·.3 220 -14.94 

124.3 219 -14.96 
125.1 191 -20.47 
125.5 183 - ]9.91 

Comparison to saturated vapor data of 1761 

Comparison to high preSsure data of 184·1 

Pressure Temp('rature Experimental /TIdal" - W",,10- X 100 
(~Im) (Kl velocity of suund lllrl.utu 

Im/s) 1 l'<'r('''11 I) 

200 298.14 

I 

426 -0.18 

600 I 298.14 655 -0.90 

1000 

I 

298.14 ( 844 -0.36 
1500 298.14 1030 0.35 

2500 I 298.14 
! 

1296 0.39 

3500 298.14 1500 0.94 

200 323.14 ! 440 0.37 I 

600 323.14 I 650 -0.59 

1000 323.14 i 
830 -0.38 

1500 323.14 I 10ID 0.08 
I 

1280 0.59 2500 323.14 1 
3500 323.14 , 1480 0.75 
400 348.14 551 O.B 
600 348.14 

I 

655 0.73 
1000 348.14 825 0.26 

1500 348.14 1000 0.46 
2500 348.14 1262 0.42 
3500 348.14 J4i:i3 0.63 

200 .373.15 462 0.02 
000 ;lOU!:! 648 -0.19 

1000 373.15 820 0.57 

1500 373.15 985 0.08 

2500 373.15 1248 0.39 
65UU 373.15 1442 0.12 

200 398.16 476 0.55 

600 398.16 654 0.60 
1000 398.16 818 0.98 
1500 398.16 978 0.29 

1232 
I 

0.05 2500 398.16 
3500 398.16 1424 -0.31 

200 423.17 486 0.30 

600 I 423.li 658 0.86 
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TABLE 14. Comparison of selected velocity of sound data to 
calculated values- Continued 

Pressure Temperature Experimental IT'da'a - Wcalc X 100 
. (atm) (K) velocity of sound Wdata 

(m/s) (percent) 

1000 423.17 810 0.43 

1500 423.17 972 0.41 

2500 423.17 1223 0.15 
::11\00 413 17 W20 0.16 

200 448.18 500 0.92 

600 448.18 660 0.68 
1000 448.18 810 0.69 
J500 448.19 060 -0.21-

2500 448.18 1216 0.29 

3500 448.18 1410 0.13 

differences of nearly 30 percent at pressures below 
0.5 atm and near the critical point. 

11_ Edimated Accuracy 

The estimation of the accuracy of this thermodynamic 
property table, which is based on information assembled 
from I'l JOlree number of sources, is a difficult under

taking. However, the authors have attempted to sum
marize below, what in their judgment are prudent 
estimates of the uncertainties of the essential equa
tions. Whenever possible these estimates were based 
on the agreement of independent data sets in the 
same or adjacent ranges of values. However. the indi
cations of agreement of the various data sets as de
termined in this work, are subject to the manner 
in which the equations represent the data. It is possible 
that some of the comparisons have led to unwarranted 
conclusions. 

11.1. The Equation of Stote 

The equation of state (0) developed in this work 
represents the experimental P-p-T data in the liquid 
and vapor phases for pressures from 0 to 10,000 atmos
pheres and for temperatures of65 to 1073 K. At tempera
tures above the critical temperature for pressures up 
to 1000 atmospheres, the uncertainty is probably 
within 0.1 percent except in the region near the critical 
point between temperatures of 126.2 K and 150 K at 
pressures between 30 and 150 atmospheres where the 
density deviations from experimental data are as large 
as 0.7 percent. Vapor value!! at tempelalult:t; l.H;:,lvw 

the critical temperature have an uncertainty of:!: 0.5 
percent. In the range from 1000 to 10,000 atmospheres 
the aceuracy of eq (6) is estimated to be within 0.3 
percent. 

The equation may be extrapolated to 2000 K at 
pressures below 300 atmospheres with a probable 
accuracy of :!: 0.5 percent. The equation may also be 
extrapolated to lower temperatures for the vapor with 
an accuracy of at least:!: 0.2 percent dawn to 20 K. 

It is estimated that values of density calculated itera
tively by the equation of state in the liquid region have 
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an· accuracy of ± 0.5 percent, except in the vicinity 
of the critical point where larger deviations are to 
be expected. The uncertainty of the equation of state 
for the liquid for pressures above 500 atm (and to 
the melting line) must be regarded as ± 1.5 percent 
which is the maximum difference between the data 
from Cheng [88] and values from the equation of 
state. 

11.2. The Vapor Pressure Equation 

The vapor pressure equation (9) represents the 
selected data used in the formulation of the equation 
generally within an accuracy of ± 0.01 K between the 
triple point and the critical point. 

11.3. The Ideal Gas Heat Capacity Equation 

The equation for the ideal gas heat capacity (10) 
has been used to represent the recent values of C~/R 
from [85] with an accuracy of ± 0.00005 for values to 
1200 K, and within ± 0.0001 above 1200 K. 

11.4. Derived Thermodynamic Properties 

Values of the heat capacity, enthalpy, and latent 
heat of vaporization are presented ",ith comparisons 

. to available measurements. Although the paucity of 
these me<;lsurements makes it difficult to define the 
accuracy of the equation of state (6) for the calculation 
of heat capacity values, these comparisons further 
indicate that the behavior of the isobaric calculated 
values is correct. The new enthalpy data by Dawe [89] 
indicate an exceptionally close agreement with cal; 
culated values. 

The derived properties which depend on the first 
derivatives of the surface (e.g., entropy, enthalpy) 
are considered to be well established by the equation 
of state (6). However, properties reiated to the second 
r1p.rivatiVfll'! (fl.g .• Cp , C '" V/'\locity of l'!ound) may have 
. uncertainties an order. of magnitude . larger than the 
properties related to the first derivatives. 

It is possible that large errors in the properties 
related to the second derivative of the equation of state 
exist in those regions wher Cv data were not used in 
the determination of the coefficients of equation (6). 
(The P-p-T range for which Cv values were used is 
given in section 2.3.) A review of tbe values of Cv, 

Cp , and the velocity of sound outside the range of 
values given in 2.3 indicated the behavior of these 
values at temperatures below 72 K is questionable. 
Values of Cv, Cp , and the velocity of sound have, there
fore, been deleted from the tables of properties for 
temperatures below 72 K. 

The least squares techniques used in the formulation 
presented here include the simultaneous fitting of 
P-p-T data, Ct data, and the criteria for phase equi
librium to allow for continuous integration along iso
therms through the two-phase region. It is recom
mended that the derived properties for the liquid 
phase be calculated by this method in preference to 

the use of the Clapeyron equation for the diflerence .. 
in entropy or enthalpy for the phase· change. 

APPENDIX A 

Functions for the Calculation of Thermodynamic 
Properties from the Equation of State (6) 

The Equation of State 

Equation (6) may be wntten in the form: 

32 

P = pRT + ~NiXi' 
i-I 

where theN; are listed in table 3 and theXi are as follows: 

X, ""p2T 
X. ""p2TII' 
Xa p2 
x. = p21T 
x" = p2/i' 
x. pST 
X, pS 

Xs = pSIT 
Xu pair' 
X,. p'T 
XI! = p' 

X 12 "" p'IT 
X'3=p5 
Xl< p61T 
X's"" p·,T' 
X's = p'/T 
X17 pSIT 
X'6 pSIi' 
X ,9=p9/P 
X20 p"FIT" 
X2, = paF/T" 
X. 2 = p'FfT" 

X'3= p"FIT' 
. X24 piFIi' 

X25 p1FliJ 
X.6 p9F/T" 
X21 = p"FIP 
X.a pllFIi' 
X.. pllF/T" 
Xao= p,aF/T' 
xa1 "" p'"FIP 

\ Xa2 p13FI'f'4 

j' exp ( U.UU5b p" ) 

The Isotherm Derivative 

The isotherm derivative ~f the equation of state (6) 
may be represented as: 

32 

(aPlap)r=RT+ ~NiXi' 
;=1 

where the Ni are given in table 3 and the Xi are as 
follows: 

X,=2pT 
X. = 2pT'(2 
Xa =2p 
X. =2p/T 
x, =2p/Tl 
X, =Sp'T 
X7 =Sp2 
X, =Sp'IT 
X. Sp'lTl 
X,D 4p3T 
XJ1=4p3 

X12 = 4p"IT 
X,. = 5p4 
x" = 6p5/T 
X15 = 6p'ITl 
X" = 7p'IT 
Xl? 8p'IT 
X" 8p'li' 
X" = 9p'ITl 
X.o F21/'J'2 
X., = F21/T" 
X., = Fd'J'2 

F = exp ( 0.0056 p' ) 
Fl = 2Fp( - 0.0056) 
F" = SFp' + F,p3 
F22 = 5Fp' + F,p" 
F23 = 7Fp· + F,p' 
F24 = 9Fp' + r,p9 
F25 = I1Fp'o + F'PII 
F2• = lSFp'2 + F'P'3 

X23 = F../T' 
X .. = F?:3IT" 
X2.=FdT" 
x,. = F .. IT" 
X" = F.4IT· 
X,a F2J;/'J'2 
X29 = F,.IT" 
X30= F2.ITl 
X31 F,.,P 
X32 F,6/T4 
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The Isochore Derivative 

The isochore derivative of the equation of state (6) 
may be written as: 

32 

(aP/aT)p = pR + L NIX;, 
i=] 

where the N; are given in table 3 and the Xi are as 
follows: 

XI = p' 
X, = p'l (2T'/') 
Xa = 0.0 
X, =- p'IT' 
X. = - 2p'/1'" 

XI' =-p'lT' 
X'3=0.0 
X,. = - p61T' 
X .. =-2p6IT3 
X.6 =-p7/T' 

X,a=-4pSFITS 
X,.=-2p"FIT3 
X,,=-3p fFIT4 
X,,=-2p9FITS 

x. = p3 X,7 = - pS/T' 
i X'7=-4p9F/Ts 

X'S = - 2p"FI1'" 
X'9=-3p"FIT' 
X30= -2p'3FIT3 
X31 = - 3p13FIT4 
x., - - 4p"F/T< 

X 1 =0.0 X ,s =-2pBIT3 
x. = - pafT' X,. = - 2p9fT3 
X. = - 2pafT3 X20 = - 2p3F/T3 
x" = p' 
Xll=O.O 

\ X21 = - 3p'F/T' 
I X., = - 2p'FIT3 

F = exp ( - 0.0056 p') 

The Evaluation of Integrals 

!he integral, f [R/p- (lIp') ({)P/{)T)pJr dpmay be 
wntten as: 

32 

2: NjY;, 
;=1 

where the Ni are listed in table 3 and 1he Y; are lisled 
below: 

Y, =-p 
Y, =-p/(2T'i') 
Ya = 0.0 
y, = piT' 
Y. =2plTa 
y. = - p"/2 
Y1 = 0.0 
YB =p'/(2T') 
Y. = p'ITS 
Y 'O =-p3 /3 
Yl! = 0.0 

YI , = p'/(3T') Y,a = 4G,IT' 
Y,a=O.O y" = 2GalT3 
Y,,= pS/(ST') I Y,s = 3GaIT' 
Y,.=2p·I(5T3) Y.6 =2G./T" 
Y,6= p61 (6T') y" = 4G,IT' 
Y'7=P'/(7T") Y,s=2G./TO 
YIS = 2p11 (7TS) Y •• = 3GsIT' 
Y I .= pSI (4f3) Y30 =2G61T3 
Y,o=2G,fTa Y31 =3G61T4 
Y21 = 3G l/T4 Y., = 4G.IT' 
Y,2=2G.IT3 

.where thp G; and F are listed in table 15. 

The integral f [(Plp2) - (RT/p)h dp may be written 
as: 

32 

2: NiY;, 
1=1 
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where the N; are listed in table 3 and the Y; are listed 
below: 

YI =pT 
Y. = pT'/2 
Y3 =p 
y, = piT 
Ys = piT'" 
Y. = p2TI2 
Y, = p'12 
Ys = p'I(2T) 
Yo =p'/(2T') 
Y,O = pSTI3 
Y" = p 3/3 

Y" = pal (3T) 
Y" = p'/4 
l'" = p'l (ST) 
Y .. =psf(5T') 
Y16 = p·I(6T) 
Y,7 = p7/(7T) 
Y1B=p"/(7T') 
YI • = pSI (8T') 
Y,o=G,/T' 
Y,,=C,ITa 
Y .. =G.IT' , . I 

Y'3 = G.IT' 
Y., = GaiT'" 
Y,s = GaiT< 

Y'6 = G.IT'" 
Y .. = C.IT· 
Y,.=G./P 
Y,.=G.IT" 
Yao =G6IT' 
Y31 =G.ITa 
Y3, = C.IT· 

where the G; and F are listed in table 15. 

The integral, 
written as: 

where the N; are listed in table 3 and the Y; are listed 
hdow: 

Y, =0.0 
y, = pI (4Tl/') 
Ya = 0.0 
Y. =2p/T2 
Y, =6p1T3 
Y. = 0.0 
y, = 0.0 
Y, =p'/P 
y, =3p2/P 
YID = 0.0 
Yll = 0.0 

Y12 = (2 p3)1(3T') Y",= 20G,IT5 
Y'3=0.0 Y •• =6G3 /T3 
Y14 = (2p')/(5T') Y,s= I2Ga/P 
Y,s= (6p')/(5T") Y'6=6G.IT3 
Y,• = p61 (3T') Y27 = 20G./T5 
Y t7 =(2p')/(7T') Y,s=6C./Ta 
Y,.= (6p7)f(7T") Y'9= I2Gs/T' 

, Y19 = (3p8)/(4T3) Y3.=6G./Ta 
I Y,o=6G I /T3 'Ya, =I2G6 IT4 

Y21 = I2GtfT' Ya, = 20G.IT5 
Y,,=6G,/T3 

where the G; and F are listed in table 15. 

TABLE 15. Functions for derivatives of the equation of State 

F= exp(-O.OO56p·) 

G, = FI [2 (-0.0056) ] 

r..= (Fp'-2r.,)j(2(-O,OO!)6)) 

G3= (Fp'-4G.)/[2(-0.OO56)] 

G.= (Fp"-6Ga)/[2(-0.OO56)] 

Gs = (Fp8_8G,)/[2(-0.OO56)] 

G.= (Fp,o-IOCs)/[2(-0.0056)] 
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The integral! Gg dTmay be written as: 

8 

R 2: NYi. 
'=1 

where the N; are listed in table 8 and the Y; are listed 
below: . 

Y,=-1/(2T2) 

Y2=-IIT 

. Ya=ln (T) 

Y.=T 

.v,= T2/'J 

Ye=T3/3 

Y7=T4/4 

Y.=UTI[exp (U)-I] 

where U =N9/T, and N9 is listed in table 8. 

The integral J (Gg/T) dT'may be written as: 

where the N; "are listed in table 8 and the Y;, are given 
below: 

Y,=-'1/(3T3) 

Y2 =-I/(2T2) 

Ya=-lIT 

Y4=ln (T) 

Ys=T 

Ye=T2/2 

Y7=T3/3 

Y.= U/(EU -1) - In [1-:- (liEU») 

where U=N9/T, and N9 is listed in table 8; [EU 
= exp (U)]. 
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Temper-

ature 

kehiin 

63.148 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

77.347 

78 

79 

80 

81 

PrefigUre 

bar 

0.1253 

0.1462 

0.1742 

0.2064 

0.2432 

0.2850 

0.3324 

Density 

molll 

30.977 
0.02410 

30.863 
0.02777 

30.727 
0.03262 

30.589 
0.03813 

30.448 
0.04433 

30.3{)6 
0.05130 

30.160 
005QOll 

0.3858 30.013 
0.06774 

0.4457 29.863 
0.07735 

0.5126 29.712 
0.08796 

0.5871 29.558 
0.09964 

0.6698 29.402 
0.1125 

0.7612 29.244 
0.1265 

0.8619 . 29.084 
0.1418 

0.972:; 28.922 

0.1585 

1.013.25 28.865 
0.1647 

1.094 28.758 
0.1767 

1.226 28.592 
0.1963 

1.370 28.424 
0.2176 

1.526 28.254 
0.2405 

THERMODYNAMIC PROPERTIES OF NITROGEN 

Thermodynamic properties of saturated nitrogen 

Isotherm 

derivative 
l·bar/mol 

2<W.266 
5.151 

228.739 
5.209 

216.221 
5.274 

204.690 
5.338 

194.047 
5.399 

184.204 
5.458 

175.0S0 
5.515 

166.604 
5.569 

158.712 
5.620 

151.345 
5.669 

144.453 
5.715 

137.989 
5.758 

131.910 
5.797 

126.179 
5.833 

120.764 

5.866 

118.953 
5.877 

115.634 
5.S95 

110.762 
5.921 

106.126 
5.942 

101.703 
5.960 

Isochore 

derivative 
bar/K 

31.959 
0.0020 

30.875 
0.0023 

29.688 
0.0027 

28.581 
0.0032 

27.546 
0.0037 

26.574 
0.0043 

25.659 
00050 

24.795 
0.0058 

23.976 
0.0066 

23.198 
0.0075 

22.457 
0.0085 

21.750 
0.0096 

21.074 
0.0109 

2Q.427 
0.0122 

19.807 

0.0137 

19.597 
0.0143 

19.211 
0.0153 

18.637 
0.0171 

18.085 
0.0190 

17.552 
0.0211 

Internal F.nthAlpy 

energy J/mol 
J/mol 

-4212.15 -4211.75 
1296.31 1816.<W 

-4165.36 -4164.88 
1312.69 1839.19 

-4109.87 -4109.31 
1331.75 1865.68 

-<W53.91 
1350.61 

-4053.24 
1891.88 

-3997.57 -3996.78 
1369.27 1917.76 

-3940.94 -39<W.00 
1387.72 1943.33 

-3884.08 -3882.97 
lQfiR.fi4 

"Entropy 

J/mol·K 

68.01 
163.56 

68.74 
162.65 

69.60 
161.62 

70.46 
160.63 

71.31 
159.67 

72.15 
158.75 

72.98 
l!i7.R7 

-3827.04 -3825.75 73.80 
1423.93 1993.39 157.01 

-3769.86 -3768.37 74.61 
1441.67 2017.86 156.18 

-3712.58 -3710.86 75.41 
1459.14 2041.93 155.39 

-3655.22 -3653.23 76.20 
1476.34 2065.57 154.62 

-3597.80 -3595.52 76.98 
1493.25 2088.77 153.87 

-3540.32 -3537.72 77.75 
1509.86 2111.51 153.15 

-3482.80 -3479.84 78.52 
1526.15 2133.78 152.45 

-342:;.24 -3421.88 79.27 

1542.12 2155.54 1St 77 

-3405.26 -3<W1. 75 79.53 
1547.58 2162.97 151.54 

-3367.64 -3363.84 80.01 
1557.75 2176.79 151.11 

-3309.99 -3305.70 80.75 
1573.03 2197.49 150.47 

-3252.29 -3247.47 81.47 
1587.93 2217.63 149.85 

-3194.53 -3189.12 82.19 
1602.46 2237.19 149.24 

C. 

J/mol'K 

21.00 

21.02 

21.05 

21.08 

21.11 

21.15 

21.19 

21.23 

21.27 

28.42 
21.31 

28.34 
21.36 

28.23 
21.41 

28.12 
21.46 

28.00 
21.51 

27.87 

21.57 

27.83 
21.59 

27.74 
21.63 

27.62 
21.69 

27.50 
21.75 

27.38 
21.81 

Cp 

J/mol·K 

29.64 

29.70 

29.78 

29.87 

29.96 

30.06 

~O.17 

30.29 

30.42 

57.42 
30.55 

57.51 
30.70 

57.58 
30.86 

57.65 
31.02 

57.71 
31.20 

57.78 

31.39 

57.80 
31.45 

57.85 
31.59 

57.92 
31.80 

58.01 
32.03 

58.12 
32.27 

791 

Velocity 

of sound 
mls 

161. 

162. 

163 .. 

164. 

165. 

166. 

167. 

168. 

169. 

1045. 
170. 

1023. 
171. 

1002. 
172. 

983. 
173. 

964. 

174. 

945. 

175. 

939. 
175. 

928. 
175. 

911. 
176. 

894. 
177. 

878. 
177. 
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Temper· 
ature 
kelvin 

82 

83 

84 

85 

06 

87 

88 

89 

90 

91 

92 

93 

94 

9(; 

97 

98 

99 

100 

101 

Pressure 
bar 

1.696 

1.880 

2.077 

2.291 

2.519 

2.765 

3.028 

3.308 

3.608 

3.927 

4.266 

4.626 

5.007 

5.411 

5.838 

6.288 

6.763 

7.264 

7.790 

8.344 

Density 
mol/l 

28.082 
0.2652 

27.908 
0.2918 

27.732 
0.3203 

27.554 
0.3509 

27.373 

0.3837 

27.191 
0.4187 

27.006 
0.4561 

26.819 
0.4960 

26.630 
0.5385 

26.438 
0.5837 

26.244 
0.6319 

26.047 
0.6831 

25.847 
0.7374 

25.644 
0.7951 

25.439 
0.8563 

25.230 
0.9212 

25.018 
0.9900 

24.802 
1.063 

24.583 

1.140 

24.360 
1.222 

R. T. JACOBSEN AND R. B. STEWART 

Thermodynamic propenies of saturated nitrogen-Continued 

Isotherm 
derivative 
l·bar/mo] 

97.476 
5.974 

93.427 
5.983 

89.543 
5.988 

85.810 
5.989 

82.217 

5.985 

78.754 
5.977 

75.412 
5.964 

72.183 
5.945 

69.060 
5.922 

66.038 
5.894 

63.111 
5.860 

60.273 
5.821 

57.521 
5.777 

54.850 
5.726 

52.258 
5.670 

49.740 
5.608 

47.295 
5.540 

44.918 
5.466 

42.007 

5.385 

40.360 
5.298 

Isochore 
derivative 

bar/K 

17.038 
0.0233 

16.542 
0.0258 

16.061 
0.0284 

15.596 
0.0313 

15.145 

0.0344 

14.708 
0.0377 

14.283 
0.0413 

13.871 
0.0451 

13.469 
0.0492 

13.079 
0.0537 

12.699 
0.0584 

12.328 
0.0636 

11.966 
0.0690 

11.613 
0.0749 

11.268 
0.0812 

10.931 
0.0880 

10.601 
0.0952 

10.277 
0.1030 

9.961 

0.1114 

9.650 
0.1203 

Internal Enthalpy 
energy J/mol 
J/mo1 

-3136.69 -3130.65 
1616.58 

-3078.77 
1630.29 

2256.15 

-3072.04 
2274.48 

-3020.75 -3013.26 
1643.58 2292.17 

-2962.63 -2954.31 
1656.41 2309.18 

2904.37 -2995.16 

1668.79 2325.50 

-2845.97 -2835.80 
1680.66 2541.09 

Entropy 
J!mo]·K 

82.90 
148.65 

83.60 
148.07 

84.30 

147.51 

84.99 
146.96 

95.67 

146.42 

86.34 
145.89 

-2787.40 -2776.19 87.01 
1692.08 2355.94 145.37 

-2728.65 -2716.32 87.68 
1702.96 2370.02 144.87 

-2669.71 -2656.16 88.34 
1713.30 2383.30 144.37 

-2610.54 -2595.69 88.99 
1723.08 2395.75 143.88 

-2551.14 -2534.89 89.64 
1732.28 2407,35 143.39 

-2491.48 -2473.72 90.29 
1740.87 2418.05 142.92 

-2431.53 -2412.16 90.93 
1748.83 2427.83 142.45 

-2371.28 -2350.]8 91.57 
li56.14 2436.65 141.98 

-2310.71 -2287.76 92.21 
1762.76 2444.48 }41.52 

-2249.78 -2224.86 92.84 
1768.66 2451.26 141.07 

-2188.48 -2161.45 93.47 
1773.82 2456.97 140.62 

-2126.78 -2097.49 94,10 
1778.18 2461.54 140.17 

-2064.05 -2032.96 94.73 

1781.72 2464.92 139.72 

-2002.07 -1967.81 95.36 
1784.38 2467.07 139,28 
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C,. 

J/mo]·K 

27.26 
21.88 

27.16 
21.95 

27.05 

22.02 

26.96 
22.10 

26.97 

22.18 

26.79 
22.26 

26.71 
22,34 

26.64 
22.43 

26.57 
22.52 

26.51 
22.61 

26.46 
22.70 

26.41 
22.80 

26.37 
22.90 

26.33 
23.0] 

26.29 
23.12 

26.26 
23.23 

26.23 
23.34 

26.21 
23.46 

26.19 

23.59 

26.18 
23.71 

C. 
J!mo]·K 

58.23 
32.52 

58.37 
32.79 

58.52 
33.08 

58.69 
33.39 

59.90 

33.71 

59.11 
34.05 

59.35 
34.42 

59.62 
34.81 

59.91 
35.22 

60.24 
35.66 

60.59 
36.13 

60.98 
36.63 

61.39 
37.17 

61.85 
37.74 

62.34 
38.35 

62.87 
39.01 

63.44 
39.71 

64.06 
40.48 

64.73 

41.30 

65.45 
42.19 

Velocity 
of sound 

m/s 

862. 
178. 

847. 

179. 

832. 
179. 

817. 
180. 

902. 

180. 

788. 
181. 

773. 
181. 

759. 
181. 

746. 
182. 

732. 
182. 

718. 
182. 

705. 
183. 

691. 
183. 

678. 
183. 

665. 
183. 

652. 
183. 

639. 
183. 

626. 
183. 

613. 

183. 

600. 
183, 



Temper· Pressure 
ature bar 
kelvin 

102 8.925 

103 9.535 

104 10.174 

105 10.843 

106 11.543 

107 12.275 

108 13.040 

109 13.839 

110 14.673 

111 15.542 

112 16.448 

113 17.391 

. 114 18.373 

115 ]9.395 

116 20.457 

117 21.561 

118 22.708 

119 23.899 

]20 25.135 

121 26.417 

Density 
rnol/l 

24.133 
1.309 

23.901 
1.401 

23.665 
1.499 

23.424 
1.603 

23.178 
1.713 

22.927 
1.830 

22.669 
1.954 

22.405 
2.087 

22.134 
2.229 

21.854 
2.380 

21.566 
2.542 

21.269 
2.716 

20.960 
2.903 

20.638 
3.106 

20.302 
3.325 

19.949 
is.o()!) 

19.575 
3.828 

19.176 
4.119 

]8.745 
4.443 

18.274 
4.812 

THERMODYN4MIC PROPERTIES OF NITROGEN 

Thermodynamic properties of saturated nitrogen-Continued 

Isotherm 
derivative 
1· bar/mol 

38.174 
5.204 

36.048 
5.103 

33.977 
4.995 

31.962 
4.880 

29.998 
4.757 

28.084 
4.627 

26.218 
4.488 

24.399 
4.341 

22.623 
4.185 

20.890 
4.021 

19.198 
3.847 

17.546 
3.663 

15.932 
3.469 

14.356 
3.265 

12.818 
3.049 

11.316 
~.ll~~ 

9.852 
2.583 

8.428 
2.331 

7.044 
2.065 

5.704 
1.784 

Isochore 
derivative 

barIK 

9.345 
0.1299 

8.752 
0.1514 

8.463 
0.1633 

8.178 
0.1762 

7.897 
0.1901 

7.620 
0.2051 

7.347 
0.2213 

7.077 
0.2389 

6.809 
0.2580 

6.544 
0.2788 

6.280 
0.3016 

6.018 
0.3266 

5.756 
0.3540 

5.495 
0.3844 

5.232 
U.4Hll 

4.967 
0.4559 

4.698 
0.4985 

4.424 
0.5471 

4.142 
0.6034 

Internal Enthalpy 
energy J/mol 
J/mol 

-1938.99 -1902.01 
1786.13 2467.91 

-1875.39 - ]835.50 
17116.90 2467.38 

Entropy 
J/mol·K 

95.98 
138.83 

96.60 
138.39 

-1811.22 -1768.23 97.23 
1786.63 2465.40 137.94 

-1746.46 -1700.17 97.85 
1785.27 246].88 137.49 

-1681.04 -1631.24 98.48 
1782.72 2456.72 137.05 

-1614.92 -1561.38 99.10 
1778.92 2449.82 ]36.59 

-1548.04 -1490.5] 99.73 
1773.75 2441.05 

-1480.33 -1418.56 
1767.13 2430.27 

-1411. 70 -1345.4] 
1758.90 2417.32 

-1342.07 -1270.95 
1748.94 2402.01 

-127l.31 -1l95.05 
1737.08 2384.14 

-1199.31 -1117.54 
1723.11 2363.45 

-1125.88 -1038.22 
1706.80 

-1050.83 
1687.86 

-973.90 
1665.95 

-894.76 
lfi4U.o:.! 

2339.63 

-956.86 
2312.33 

-873.14 
2281.12 

-786.67 
~~45.43 

136.13 

100.36 
135.67 

lOl.OO 
135.20 

]01.63 
134.72 

102.28 
134.23 

102.93 
133.73 

103.58 
133.21 

104.25 
132.67 

104.93 
132.12 

105.63 
131.53 

-812.96 
1611.32 

-696.96 106.34 

-727.92 
1577.29 

-638.80 
1537.5] 

-544.36 
1490.47 

2204.55 130.92 

-603.29 107.08 
2157.56 130.27 

-504.72 107.85 
2103.16129.57 

-399.80 108.66 
2039.47 128.82 

C. 
J/rnol·K 

26.17 
23.85 

26.16 
2~.99 

26.15 
24.13 

26.15 
24.28 

26.16 
24.43 

26.16 
24.59 

26.17 
24.76 

26.19 
24.94 

26.21 
25.12 

26:23 
25.32 

26.27 
25.52 

26.30 
25.73 

26.35 
25.96 

26.40 
26.20 

26.46 
26.45 

26.54 
26.72 

26.62 
27.01 

26.73 
27.33 

26.86 
27.66 

27.02 
28.03 

c" 
J/mol·K 

66.24 
43.15 

67.09 
44.21 

68.02 
45.36 

69.03 
46.62 

70.]4 
48.01 

71.37 
49.55 

72.72 
51.26 

74.23 
53.17 

75.92 
55.32 

77.82 
57.77 

79.98 
60.56 

82.46 
63.78 

85.34 
67.53 

88.72 
71.97 

92.75 
77.28 

97.65 
83.76 

103.73 
91.82 

111.49 
102.13 

121.75 
115.78 

135.98 
134.70 

793 

Velocity 
of sound 

m/s 

587. 
183. 

574. 
lR.~. 

562. 
183. 

549. 
183. 

536. 
183. 

523. 
182. 

510. 
182. 

497. 
182. 

484. 
181. 

470. 
181. 

457. 
181. 

443. 
180. 

429. 
179. 

415. 
179. 

400. 
178. 

386. 
178. 

370. 
177. 

354. 
176. 

338. 
176. 

320. 
175. 
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Thermodynamic propenies of saturated nitrogen-Continued 

Temper. Pressure Density Isotherm lsochote Internal Enthalpy Entropy C" Cp Velocity 
ature bar mol/l derivative derivative energy J/mol JlmoI·K J/moI·K J/mo}·K of sound 
kelvin I'bar/mol barlK J/mo} mls 

122 27.749 17.745 4.415 3.847 -442.66 -286.28 109.54 27.23 157.08 302. 
5.238 1.486 0.6699 1433.85 1963.58 127.97 28.43 162.66 174. 

123 29.133 17.134 3.184 3.533 -330.28 -160.25 110.50 27.49 191. 72 282. 
5.748 1.170 0.7509 1363.65 1870.50 127.01 28.89 208.24 174. 

124 30.574 16.388 2.026 3.186 -200.41 -13.85 111.62 27.86 259.26 259. 
6.391 0.833 0.8551 1271.92 1750.33 125.84 29.40 295.94 173. 

125 ll:t.U7Y 1!:>.ll()'1 U.YIl 2.775 -35.02 173.74 113.05 28.44 448.21 234. 

7.299 0.469 1.005 1138.08 1577.61 124.28 30.02 534.94 173. 

126 33.668 13.270 O. III 2.128 271.93 525.65 115.76 
9.235 o.on 1.329 846.89 1211.46 121.20 

126.200 34.000 11.210 0.000 1.679 559.26 862.56 118.41 
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Temper. 
ature 
kelvin 

,. 63.151 

64 
fi!j 

68 

70 
72 

74 
76 
78 
80 

82 
84 
86 
llll 

90 
92 
94 
96 
98 

100 
102 
104 
106 
108 

110 
ll2 
114 
116 
118 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 

190 
195 

200 

Density 
mol/l 

0.01919 
0.01893 
0.01834 

0.01779 

0.01728 
0.Ol<l79 

0.01633 
0.01589 
0.01548 
0.OI50!) 

0.01472 
0.01436 
0.01403 
0.(137) 

0.01340 
0.01310 
0.01282 
0.01256 
0.01230 
0.01205 
0.01181 
0.01158 
0.01137 
O.OllIS 

0.01095 
0.01075 
0.01056 
0.010311 
0.01020 
0.01003 
0.00987 
0.00971 
0.00955 
0.00941 

0.00926 
0.00912 
0.00898 
0.00885 

0.001l72 
0.00860 
0.00848 
0.00836 
0.00824 
0.00813 

0.00802 
0.00776 
0.00752 
0.00729 
0.00708 
0.00688 
0.00668 
0.00650 

0.00633 
0.00617 

0.00602 

Isotherm· 
derivative 
1· bar/mol 

5.17 
5.24 
5.42 

5.59 

5.76 
5.93 

6.10 
6.26 
6.43 
6.60 

6.77 
6.94 
7. II 
7.2ll 

7.44 
7.61 
7.711 
7;95 

ll.ll 
8.28 
8.45 
8.62 
8.78 
8.95 

9.12 
9.29 
9.45 
9.62 
9.79 
9.95. 

10.12 
10.29 
10.46 
10.62 

10.79 
10.96 
11.12 
11.29 
11.46 
1] .62 
11. 79 
] 1.96 
12.12 
12.29 

12.46 
12.87 
13.29 
13.71 
14.12 
14.54 
14.96 
15.31 

15.79 
16.21 

16.62 
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Thermodynamic properties of nitrogen 

Isochore 
derivative 

bar·K 

0.0016 
0.0016 
0.0015 

0.0015 

0.0014 
0.0014 

0.0014 
0.0013 
0.0013 
0.0013 

0.0012 
0.0012 
0.0012 
0.0011 

0.0011 
0.001l 
0.0011 
0.0010 
0.0010 
0.0010 
0.0010 
0.0010 
0.0009 
0.0009 

0.0009 
0.0009 
0.0009 
0.0009 
0.0008 
0.0008 
0.0008 
0.0008 
0.0008 
0.0001l 

0.0001l 
0.0001l 
0.0007 
0.0007 
0.0007 
{L0007 
0.0007 
0.0007 
0.0007 
0.0007 

0.0007 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0006 
0.0005 

0.0005 
0.0005 

O.OOOG 

Internal Enthalpy 
energy limo] 
llmol 

0.10 bar Isobar 

1298.4 
]3]6.3 
1358.4 

1400.5 

1442.5 
1484.4 

1526.3 
1568.2 
1610.1 
1651.9 

1693.7 
1735.5 
1777.3 
11119.0 

1860.7 
1902.5 
1944.2 
1985.9 
2027.6 
2069.3 
2110.9 
2152.6 
2]94.3 
2235.9 

2277.6 
2319.2 
2360.8 
2402.5 
2444.1 
2485.7 
2527.4 
2569.0 
2610.6 
2652.2 

2693.8 
2735.4 
2777.0 
2818.6 
21160.3 
2901.9 
2943.5 
29115.1 
3026.6 
3068.2 

3109.8 
3213.8 
3317.8 
3421.8 
3525.7 
3629.7 
3733.6 
3837.0 

3941.5 
4045.4 

4149.4 

1819.5 
11344.6 
1903.15 

1962.5 

2021.3 
2080.0 

2138.8 
2197.4 
2256.0 
2314.6 

2373.2 
2431. 7 
2490.2 
25411.7 

2607.1 
2665.6 
2723.9 
2782.3 
21340.7 
2899.1 
2957.4 
3015.8 
3074.1 
3132.5 

3190.8 
3249.1 
3307.4 
3365.7 
3424.0 
3482.3 
3.540.6 
3598.9 
3657.2 
3715.5 

3773.7 
3832.0 
3890.3 
3948.5 
4OO6;1l 
4065.0 
4123.3 
4181.5 
4239.11 
4298.0 

4356.3 
4501.9 
4647.5 
4793.0 
4938.6 
50114.2 
5229.7 
:5375.3 

5520.8 
5666.4 

W11.9 

Entropy 
J/mol·K 

165.47 
165.86 
HiO.77 

167.65 

168.50 
lU9.33 

170.13 
170.92 
171.68 
172.42 

173.14 
173.115 
174.54 
175.21 

175.116 
176.51 
177.13 
177.75 
178.35 
178.94 
]79.52 
180.09 
180.64 
]81.19 

181.72 
182.25 
182.76 
183.27 
]83.77 
184.26 
184.74 
185.21 
1115.68 
186.14 

186.59 
187.04 
187.47 
187.90 
1811.33 
1811.75 
1119.16 
]89.57 
189.97 
190.37 

190.76 
191. 71 
192.64 
193.53 
194.40 
195.25 
196.07 
190.80 
]97.64 
198.40 

199.13 

Cc 

J/mol·K 

20.95 
20.95 
20.96. 

20.91 

20.90 
20.88 

20.87 
20.116 
20.85 
20.85 

20.84 
20.M 
20.83 
20.1I~ 

20.82 
20.82 
20.82 
20.81 
20.81 
20.81 
20.81 
20.80 
20.80 
20.80 

20.80 
20.80 
20.80 
20.80 
20.80 
20.79 
20.79 
20.79 
20.79 
20.79 

20.79 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 

20.79 
20.79 
20.78 
20.78 
20.711 
20.78 
20.78 
20.78 

20.78 
20.711 

20.76 

C. 
J/mol·K 

29.53 
29.51 
29.46 

29.43 

29.39 
29.36 

29.34 
29.32 
29.30 
29.28 

29.27 
29.25 
29.24 
29.23 

29.22 
29.21 
29.20 
29.20 
29.19 
29.18 
29.]8 
29.17 

·29.17 

29.16 

29.16 
29.16 
29.15 
29.15 
29.15 
29.15 
29.14 
29.14 
29.14 
29.14 

29.13 
29.13 
29.13 
29.13 
29.13 
29.1:\ 

29.13 
29.12 
29.12 
29.12 

29.12 
29.12 
29.12 
29.11 
29.11 
29.11 
29.11 
29.11 
2.9.11 
29.1I 

29.11 

Velocity 
of sound 

mls 

161. 
162. 
1155. 

1611. 

170. 
172. 

175. 
177. 
180. 
IS2. 

1114. 
186. 
189. 
19). 

193. 
195. 
197. 
199. 
202. 
204. 
206. 
208. 
210. 
212. 

2]4. 
216. 
217. 
219. 
221. 
223. 
225. 
227. 
229. 
231. 

232. 
234. 
236. 
238. 
239. 
241 

243. 
245. 
246. 
248. 

250. 
254. 
258. 
262. 
266. 
270. 
273. 
277. 

281. 
285. 

288. 
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Temper. 
ature 
kelvin 

210 

220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 

500 
520 
540 
560 
580 

600 
620 

640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
1150 

1200 
J250 

1300 
1350 
1400 
1450 
J5DD 

J550 
1600 
1650 
1700 
1750 

Density 
molH 

0.00573 

0.00547 
0.00523 
0.00501 
0.00481 
0.00463 
0.00445 
0.00430 
0.00415 

0.00401 
0.00388 
0.00376 
0.00364 
0.00354 
0.00344 
0.00334 
0.00325 
0.00317 
0.00308 

0.00301 
0.00286 
0.00273 
0.00261 
0.00251 

0.00241 
0.00231 
0.00223 
0.00215 
0.00207 

0.00200 
0.001Q4 

0.00188 
0.00182 
0.00177 
0.00172 
0.00167 
0.00163 
0.00158 
0.00154 

0.00150 
0.00141 
0.00134 
0.00127 
0.00120 
0.00115 
0.00109 
0.00105 

0.00]00 
0.00096 

0.00093 
0.00089 
0.00086 
0.00083 
0.00090 

0.00078 
0.00075 
0.00073 
0.00071 
0.00069 

Isotherm 
derivative 
l·barlmol 

17.45 

18.29 
19.12 
19.95 
20.78 
21.61 
22.45 
23.28 
7411 

24.94 
25.77 
26.61 
27.44 
28.27 
29.10 
29.93 
30.76 
31.60 
32.43 

33.26 
34.92 
36.59 
38.25 
39.91 

41.58 
43.24 
44.90 
46.56 
48.23 

49.89 
S1..';S 

53.22 
54.88 
56.54 
58.21 
59.87 
61.53 
63.19 
64.86 

66.52 
70.68 
74.83 
78.99 
83.15 
87.31 
91.46 
95.62 

99.78 
103.94 

108.09 
112.25 
116.41 
120.56 
124.72 

128.88 
133.04 
137.19 
141.35 
145.5] 
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Thermodynamic properties of nitrogen-Continued 

Iso chore 
derivative 

bar·K 

0.0005 

0.0005 
0.0004 
0.0004 
0.0004 
0.0004 
0.0004 
0.0004 
ooom 

0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 
0.0003 

0.0003 
0.0002 
0.0002 
0.0002 
0.0002 

0.0002 
0.0002 
0.0002 
0.0002 
0.0002 

0.0002 
0.0002 

0.0002 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

0.0001 
0.0001 
O.OOOJ 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

0.0001 
0.0001 

0.0001 
0.0001 
O.OOOJ 
0.000] 
0.0001 

O.OOOJ 
0.000] 
0.0001 
0.0001 
0.0001 

Internal 
energy 
J/mol 

4357.2 

4565.1 
4772.9 
4980.8 
5188.6 
5396.5 
5604.3 
5812.2 
6020.0 

6228.0 
6435.9 
6643.9 
6852.0 
7060.1 
7268.4 
7476. i 
7685.2 
7893.8 
8102.6 

8311.6 
8730.3 
9149.9 
9570.8 
9993.0 

10416.9 
10842.4 
)]269.9 
11699.4 
12131.0 

12565.0 
13001.., 
13440.1 
13881.4 
14325.4 
14771.9 
15221.1 
15673.1 
16127.7 
16585.0 

17045.0 
18206.6 
19384.4 
20578.0 
21786.5 
23009.3 
24245.5 
25494.4 

26755.2 
2802i.l 

29309.4 
30601.4 
31902.6 
33212.2 
34529.8 

35854.8 
37186.8 
38525.3 
39869.9 
41220.2 

Enthalpy 
J/mol 

6102.9 

6394.0 
6685.0 
6976.2 
7267.2 
7558.2 
7849.2 
8140.2 
8431.2 

8722.3 
9013.4 
9304.5 
9595.8 
9887.0 

10178.4 
10469.9 
10761.6 
11053.3 
11345.3 

11637.4 
12222.3 
12808.3 
13395.4 
13984.0 

14574.1 
15]65.9 
15759.7 
16355.5 
16953.4 

17553.7 
1R156.3 

18761.4 
19369.0 
19979.2 
20592.0 
21207.5 
21825.7 
22446.6 
23070.2 

23696.5 
25273.8 
26867.4 
28476.7 
30100.9 
31739.6 
33391.6 
35056.2 

36732.7 
38420.3 

40118.3 
41826.1 
43542.9 
45268.3 
47001.6 

48742.3 
50490.0 
52244.3 
54004.6 
557i0.6 

Entropy 
J/mol·K 

200.55 

201.91 
203.20 
204.44 
205.63 
206.77 
207.87 
208.93 
209.95 

210.93 
211.89 
212.81 
213.71 
214.58 
215.42 
216.24 
217.04 
217.82 
218.58 

219.32 
220.75 
222.11 
223.41 
224.67 

225.87 
227.03 
228.15 
229.24 
230.29 

231.30 
232.29 
233.25 
234.19 
235.10 
235.98 
236.85 
237.70 
238.53 
239.34 

240.13 
242.04 
243.86 
245.60 
247.27 
248.87 
250.41 
251.89 

253.31 
254.69 

256.02 
257.31 
258.56 
259.77 
260.95 

262.09 
263.20 
264.28 
265.33 
266.35 

Cv 

J/mol·K 

20.78 

20.78 
20.78 
20.78 
20.78 
20.78 
20.78 
20.78 
20.79 

20.79 
20.80 
20.80 
20.81 
20.82 
20.83 
20.84 
20.85 
20.87 
20.89 

20.91 
20.95 
21.01 
21.08 
21.15 

21.23 
21.32 
21.42 
21.53 
21.64 

21.76 
21.88 
22.00 
22.13 
22.26 
22.39 
22.53 
22.66 
22.80 
22.93 

23.07 
23.40 
23.72 
24.02 
24.32 
24.59 
24.85 
25.10 

25.33 
25.54 

25.75 
25.93 
26.)] 
26.27 
26.43 

26.57 
26.71 
26.83 
26.95 
27.06 

Cp 

J/mol·K 

29.10 

29.10 
29.10 
29.10 
29.10 
29.10 
29.10 
29.lO 
29.11 

29.11 
29.11 
29.12 
29.13 
29.13 
29.14 
29.16 
29.17 
29.19 
29.20 

29.22 
29.27 
29.33 
29.39 
29.47 

29.55 
29.64 
29.74 
29.84 
29.95 

30.07 
30.19 
30.32 
30.45 
30.58 
30.71 
30.84 
30.98 
31.11 
31.25 

31.38 
31.71 
32.03 
32.34 
32.63 
32.91 
33.17 
33.41 

33.64 
33.86 

34.06 
34.25 
34.42 
34.59 
34.74 

34.89 
35.02 
35.15 
35.26 
35.38 

Velocity 
of sound 

mls 

'J95 

3{)2. 
309. 
316. 
322. 
329. 
335. 
341. 
347. 

353. 
359. 
365. 
370. 
376. 
381. 
387. 
392. 
397. 
402. 

407. 
417. 
427. 
436. 
446. 

454. 
463. 
472. 
480. 
488. 

496. 
504. 
512. 
519. 
527. 
534. 
541. 
548. 
555. 
562. 

568. 
585. 
601. 
616. 
63L 
646. 
660. 
074. 

688. 
701. 

714. 
727. 
740. 
753. 
765. 

777. 
789. 
801. 
813. 
824. 



Temper· 
ature 
kelvin 

1800 
11350 
1900 
1950 
2000 

Density 
molll 

0.00067 
0.00065 
0.00063 
0.00062 
0.00060 

"63.160 30.97747 
64 30.86492 
66 30.59048 
68 30.3067J 

70 30.01370 
* 11.B:tU :lY:JlSYI9 

* 71.820 0.08597 
72 0.08574 
74 0.08324 
76 0.00090 

78 0.07869 
80 0.07661 
82 0.07464 
81 0.0727i 

86 0.07100 
88 0.06932 

90 0.06771 
92 0.06619 
94 0.OM73 
96 0.06334 
98 0.06200 

100 0.06073 
102 0.05950 
104 0.05833 
106 0.05720 
108 0.05612 

llO 0.05507 
112 . 0.05407 
ll4 0 .. 05310 
116 0.05217 
118 0.05127 
120 0.05040 
122 0.04956 

124 0.04875 
126 0.04796 
128 0.04720 

130 0.04647 
132 0.04575 
134 0.04506 
136 0.04439 

138 0.04374 
140 0.04311 
142 0.04250 
144 0.04190 
146 0.04]32 
148 0.04076 

150 0.04021 
155 0.03890 

Isotherm 
derivative 
l·bar/mol 

149.66 
153.82 
157.98 
162.14 
166.29 

240.23 
228.86 
204.79 
184.27 

]66.64 
152.64 

5.66 
5.68 
5.86 
6.04 

6.22 
6.40 
6.58 
6.76 

6.93 
7.11 

7.28 
7.46 
7.63 
7.81 
7.98 
8.15 
8.33 
8.50 
8.67 
8.84 

9.01 
9.18 
9.35 
9.52 
9.69 
9.86 

1Q.03 

10.20 
10.37 
10.54 

10.71 
10.88 
11.05 
lU!2 

11.39 
11.56 
11.73 
lUlQ 

12.06 
12.23 

12.40 
12.82 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

31.94 
30.S7 
28.58 
26.57 

24.79 
23.33 

·0.0073 
0.0073 
0.0071 
0.0069 

0.0067 
0.0065 
0.0063 
0.0061 

0.0060 
0.0058 

0.0057 
0.0056 
0.0054 
0.0053 
0.0052 
0.0051 
0.0050 
0.0049 
0.0048 
0.0047 

0.0046 
0.0045 
0.0044 
0.0044 
0.0043 
0.0042 
0.0041 

0.0041 
O.OO4() 
0.0039 

0.0039 
0.0038 
0.0038 
0.0037 

0.0037 
0.0036 
0.0035 
O.OOR<; 

0.0034 
0.0034 

0.0034 
0.0032 

Internal 
energy 
l/mol 

42575.9 
43936.5 
45301.9 
46671.8 
48045.8 

Enthalpy 
J/mol 

57541.9 
59318.3 
61099.5 
62885.0 
64674.8 

0.50 bar Isobar 

-4211.8 
-4165.7 
-4054.2 
-3941.2 

-3827.2 
-3722.9 

1456.0 
1459.9 
]503.3 
1546.0 

]589.6 
1632.6 
1675.4 
1718.1 

1760.7 
1803.2 

1845.6 
1888.0 
]930.3 
]972.6 
2014.8 
2057.0 
2099.1 
2141.2 
2183.2 
2225.3 

2267.2 
2309.2 
2351.2 
2393.1 
2435.0 
2476.9 
2!>Ul:l 

2!?60.6 
2602.4 
2644.3 

2686.1 
2727.9 
2769.7 
21111.5 

2853.2 
2895.0 
2936.7 
2Q7R !\ 

3020.2 
3061.9 

3103.7 
3207.9 

-4210.2 
-4164.1 
-4052.6 
-3939.5 

-3825.5 
-3721.2 

2037.6 
2043.1 
2104.0 
2104.0 

2225.0 
2285.2 
2345.3 
2405.2 
2464.9 
2524.5 

2584.0 
2643.4 
2702.8 
2762.0 
2821.2 
2880.3 
2939.4 
2998.4 
3057.3 
3116.2 

3175.1 
3233.9 
3292.7 
3351.5 
3410.2 
3468.9 
i:S!>:n.t> 

3586.3 
3644.9 
3703.5 

3762.1 
3820.7 
3879.2 
39117.11 

3996.3 
4054.8 
4113.3 
41712 

4230.3 
4288.8 

4347.2 
4493.3 

Entropy 
J/mol·K 

267.35 
268.32 
269.27 
270.20 
271.11 

68.0] 
68.74 
70.45 
72.14 

73.79 
75.27 

155.53 
155.61 
156.44 
1:11.25 

158.03 
158.79 
159.54 
160.26 

160.96 
161.65 

162.31 
162.97 
]63.61 
164.23 
164.84 
165.44 
166.02 
166.59 
167.16 
167.71 

168.25 
]68.78 
169.30 
169.81 
170.31 
170.80 
171.29 
171.76 
172.23 
172.70 

173.15 
173.60 
174.04 
171.47 

174.90 
175.32 
175.73 
176.14 

176.55 
176.94 

177.34 
178.29 

C. 
Jlmol·K 

27.16 
27.26 
27.35 
27.44 
27.52 

21.30 
21.24 
21.19 

21.15 
21.11 
21.08 
21.0!i 

21.0~ 

21.01 

20.99 
20.97 
20.95 
20.94 
20.93 
20.91 
20.90 

, 20.89 
20.89 
20.88 

20.87 
20.87 
20.86 
20.85 
20.85 
20.85 
20.84 
20.84 
20.83 
20.83 

20.83 
20.83 
20.82 
20.82 

20.82 
20.82 
20.81 
20.21 

20.81 
20.81 

20.81 
20.80 

Cp 

Ilmol·K 

35.48 
35;58 
35.67 
35.75 
35.83 

30.51 
30.38 
30.26 

30.15 
30.06 
29.98 
29.90 

29.M 
29 .. 78 

29.73 
29.69 
29.64 
29.61 
29.57 
29.54 
29.S] 
29.49 
29.46 
29.44 

29.42 
29.41 
29.39 
29.37 
29.36 

,29.35 
29.33 
29.32 
29.31 
29.30 

29.29 
29.28 
29.28 
29.27 

29.26 
29.25 
29.25 
.29.24 

29.24 
29.23 

29.2:1 
29.21 

Velocity 
of sound 

mls 

835. 
847. 
858. 
868. 
879. 

170. 
]73. 
115. 

178. 
180. 
183. 
18!;. 

187. 
190. 

192. 
194. 
196. 
199. 
201. 
203. 
205. 
207. 
209. 
211. 

213. 
215. 
217. 
2J9. 
221. 
223. 
225. 
226. 
228. 
230. 

232. 
234. 
235. 
237. 

239. 
241. 
243. 
.241 • 

246. 
248. 

24q 

254. 
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Temper· 
ature 
kelvin 

160 
165 
170 
175 
180 
HlS 

190 
195 

200 

210 
220 
230 
240 

250 
260 
270 
?SI1 

290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
/lRO 
700 
720 
740 
760 
780 

800 
850 
900 
950 

]000 
1050 
1100 

1150 
1200 
1250 

Density 
molll 

0.03767 
0.03652 
0.03544 
0.03442 
0.03346 
0.03255 

0.03169 
0.03088 

0.03010 

0.02866 
0.02736 
0.02616 
0.02507 

0.02406 
0.02314 
0.02228 
007148 

0.02074 

0.02005 
0.OJ940 
0.01879 
0.0]822 
0.01769 
0.Oli18 
0.01670 
0.01625 
0.01582 
0.01542 

0.01503 
0.01432 
0.01367 
0.01307 
0.01253 
0.01202 
0.01156 
O.Oll 13 
0.01074 
0.01037 

0.01002 
0.00970 
0.00939 
0.00911 
0.00RR4 

0.00859 
0.00835 
0.00812 
0.00791 
0.00771 

0.00752 
0.00707 
0.00668 
0.00633 
0.00601 
0.00573 
U.00547 

0.00523 
0.00501 
0.00481 

Isotherm 
derivative 
l-bar/mol 

13.24 
13.66 
14.08 
14.50 
14.92 
15.34 

15.76 
16.17 

16.59 

17.43 
]8.26 
19.10 
19.93 

20.77 
21.60 
22.44 
2327 

24.11 

24.94 
25.77 
26.61 
27.44 
28.27 
29.10 
29.94 
30.77 
31.60 
32.43 

33.27 
34.93 
36.60 
38.26 
39.92 
41.59 
43.25 
44.92 
46.58 
48.24 

49.91 
51.57 
53.23 
54.90 
:;/l:;/l 

58.22 
59.89 
61.55 
63.21 
64.88 

66.54 
70.70 
74.86 
79.01 
83.17 
87.33 
91.49 
95.64 
99.80 

103.96 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0031 
0.0030 
0.0030 
0.0029 
0.0028 
0.0027 

0.0026 
0.0026 

0.0025 

0.0024 
0.0023 
0.0022 
0.002} 

0.0020 
0.0019 
0.0019 
O.OOIS 

0.0017 

0.0017 
0.0016 
0.0016 
0.0015 
0.0015 
0.0014 
0.0014 
0.0014 
0.0013 
0.0013 

0.0013 
0.0012 
0.0011 
0.0011 
0.0010 
0.0010 
0.0010 
0.0009 
0.0009 
0.0009 

0.0008 
0.0008 
0.0008 
0.0008 
onnn7 
0.0007 
0.0007 
0.0007 
0.0007 
0.0006 

0.0006 
0.0006 
0.0006 
0.0005 
0.0005 
0.0005 
0.0005 

0.0004 
0.0004 
0.0004 

Internal 
energy 
J/mol 

3312.2 
3416.4 
3520.6 
3624.8 
3728.9 
3833.0 

3937.2 
4041.2 

4145.S 

4353.5 
4561.5 
4769.6 
4977.6 

5185.6 
5393.6 
5601.6 
5S09.6 

6017.6 

6225.6 
6433.7 
6641.8 
6850.0 
7058.2 
7266.5 
7474.9 
7683.5 
7892.2 
8101.0 

8310.1 
8728.8 
9148.6 
9569.5 
9991.8 

10415.7 
10841.4 
11268.9 
11698,4 
12130.1 

12564.1 
13000.5 
13439.3 
13880.7 
14C:\?47 

14771.3 
15220.5 
15672.5 
16127.1 
16584,4 

17044.4 
18206.1 
19384.0 
20577.6 
21786.2 
23009.0 
24245.3 
25494.2 
26755.0 
28026.9 

Enthalpy 
J/mol 

4639.4 
4785.4 
4931.3 
5077.2 
5223.1 
5309.0 

5514.8 
5660.6 

5800.4 

6097.9 
6389.4 
6680.7 
6972.1 

7263.4 
7554.7 
7845.9 
B137.2 

8428.5 

8719.7 
9011.0 
9302.3 
9593.7 
9885.2 

10176.7 
10468.3 
10760.1 
11052.0 
11344.0 

11636.3 
12221.4 
12807.5 
13394.8 
13983.5 
14573.7 
15165.7 
15759.6 
16355,4 
16953.5 

17553.8 
18J56.5 
18761.6 
19369.3 
lQQ7Q Ii 

20592.5 
21208.1 
21826.3 
22447.3 
23070.9 

23697.2 
25274.6 
26868.3 
28477.6 
30101.9 
31740.3 
33392.3 

35057.0 
36733.5 
3842I.I 

Entropy 
J/mol-K 

179.22 
180.12 
180.99 
181.84 
182.66 
183.'16 

184.24 
184.99 

18::'.73 

187.15 
188.51 
189.81 
191.05 

192.23 
193.38 
194.48 
195.54 

196.56 

197.54 
198.50 
199.42 
200.32 
20Ll9 
202.04 
202.86 
203.66 
204.44 
205.19 

205.93 
207.36 
208.73 
210.03 
211.28 
212.49 
213.65 
214.77 
215.85 
216.90 

217.92 
218.91 
219.87 
220.80 
?71 71 

222.60 
223.47 
224.32 
225.14 
225.95 

226.75 
228.66 
230.48 
232.22 
233.89 
235.49 
237.02 

238.50 
239.93 
241.3 I 

C,' 
J/mol-K 

20.80 
20.80 
20.80 
20.80 
20.79 
20.79 

20.79 
20.79 

20.79 

20.79 
20.79 
20.79 
20.79 

20.79 
20.79 
20.79 
20.79 

20.79 

20.79 
20.80 
20.80 
20.81 
20.82 
20.83 
20.84 
20.86 
20.87 
20.89 

20.91 
20.96 
21.01 
21.08 
21.15 
21.23 
21.32 
21.42 
21.53 
21.64 

21.76 
21.88 
22.00 
22.13 
?? ?6 

22.39 
22.53 
22.66 
22.80 
22.93 

23.07 
23.40 
23.72 
24.02 
24.32 
24.59 
24.85 
25.10 
25.33 
25.54 

C. 
J/mol·K 

29.20 
29.20 
29.19 
29.18 
29.17 
29.17 

29.16 
29.16 

29.13 

29.15 
29.14 
29.14 
29.13 

29.13 
29.13 
29.13 
21).13 

29.13 

29.13 
29.13 
29.14 
29.14 
29.15 
29.16 
29.17 
29.18 
29.20 
29.21 

29.23 
29.28 
29.33 
29.40 
29.47 
29.55 
29.64 
29.74 
29.85 
29.96 

30.07 
30.20 
30.32 
30.45 
30.5B 

30.71 
30.85 
30.98 
31.11 
31.25 

31.38 
31.71 
32.03 
32.34 
32.63 
32.91 
33.17 
33.41 
33.64 
33.86 

Velocity 
of sound 

mls 

258. 
262. 
266. 
269. 
273. 
277. 

281. 
285. 

2l}8. 

295. 
302. 
309. 
316. 

322. 
329. 
335. 
341. 

347. 

353. 
359. 
365. 
370. 
376. 
381. 
387. 
392. 
397. 
402. 

407. 
417. 
427. 
436. 
446. 
455. 
463. 
472. 
480. 
488. 

496. 
504. 
512. 
519. 
527. 
534. 
541. 
548. 
555. 
562. 

568. 
585. 
601. 
616. 
631. 
646. 
660. 
674. 
688. 
701. 



Temper· 
sture 
kelvin 

1300 
1350 
1400 
1450 
1500 

1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

I 
i 

Density 
mol/l 

0.00463 
0.00445 
0.00430 
0.00415 
0.00401 

0.00388 
0.00376 
0.00364 
0.00354 
0.00344 

0.00334 
0.00325' 
0.00316 
0.00308 
0.00301 

• 63.171 30.97809 
64 30.86710 
66 30.59292 
68 30.30942 

70 30.01670 
72 29.71491 
74 29.40426 
76 29.08490 

• 77.235 28.88331 
• 77.235 0.16267 

78 0.16086 
SO 0.15633 

82 0.15208 
84 0.14807 
86 0.14429 
gil 0.14071 

90 0.13732 
92 0.13410 
94 0.13104 
96 0.12812 
98 0.12534 

100 0.12268 
102 0.12014 
104 0.11770 
106 0.11537 
108 0.11313 

lIO 0.11098 
112 0.10891 
114 0.10693 
ll6 0.10501 
118 0.10317 
120 0.10139 
122 0.09967 
124 0.09801 
126 0.09641 
128 0.09486 

130 0.09336 
132 0.09190 
134 0.09050' 

Isotherm 
derivative 
l'bar/mol 

108.12 
112.27 
116.43 
120.59 
124.75 

128.90 
133.06 
137.22 
141.37 
145.53 

149.69 
153.85 
158.00 
162.16 
166.32 

240.24 
229.02 
204.95 
184.44 

166.80 
151.50 
138.09 
126.22 
119.53 

5.87 
5.95 
6.14 

6.33 
6.52 
6.71 
6.90 

7.08 
7.27 
7.45 
7.63 
7.81 
7.99 
8.17 
8.35 
8.52 
8.70 

8.88 
9.05 
9.23 
9.40 
9.58 
9.75 
9.92 

10.10 
10.27 
10.44 

10.61 
10.79 
10.96 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

har·K 

0.0004 
0.0004 
0.0004 
0.0003 
0.0003 

0.0003 
0.0003 
0.0003 
0.0003 

0.0003 

0.0003 
0.0003 
0.0003 
0.0003 
0.0003 

31.92 
30.86 
28.57 
26.57 

24.79 
23.20 
21.75 
20.43 
19.66 

0.0141 
0.0139 
0.0135 

0.0131 
0.0127 
0.0123 
0.0120 

0.0117 
0.0114 
O.Olll 
0.0109 
0.0106 
0.0104 
0.0102 
0.0099 
0.0097 
0.0095 

0.0094 
0.0092 
0.0090 
0.0088 
0.0087 
0.0085 
0.0084 
0.0082 
0.0081 
0.0080 

0.0078 
0.0077 
0.0076 

Internal 
energy 
Jlmol 

29309.2 
30601.3 
31902.4 
33212.1 
::145297 

35854.8 
37186.8 
38525.3 
39R69.11 

41220.2 

42575.8 
43936.5 
45301.9 
46671.8 
48045.8 

Enthalpy 
Jjmol 

40119.2 
41827.0 
43543.9 
45269.2 
d7002fi 

48743.3 
50491.1 
52245.3 
5<1005.1\ 

55771.6 

57543.0 
59319.4 
61100.5 
62886.1 
64675.9 

1 har Isobar 

-4211.7 
-4166.1 
-4054.7 
-3941.7 

-3827.7 
-3713.2 
-3598.2 
-3483.0 
-3411.7 
1545.8 
1562.9 
1607.4 

1651.6 
1695.5 
1739.3 
1782.8 

1826.2 
1869.5 
1912.6 
1955.6 
1998.5 
2041.3 
2084.0 
2126.7 
2169:2 
2211.7 

2254.2 
2296.6 
2338.9 
2381.2 
2423.5 
2465.7 
2507.9 
2550.0 
2592.2 
2634.3 

2676.3 
2718.4 
2760.4 

-4208.5 
-4162.9 
-4051.4 
-3938.4 

-3824.4 
-3709.8 
-3594.8 
-3479.6 
-3408.2 

2160.6 
2184.6 
2247.1 

2309.2 
2370.9 
2432.3 
2493.5 

2554.5 
2615.2 
2675.7 
2736.1 
2796.4 
2856.4 
2916.4 
2976.3 
3036.0 
3095.7 

3155.2 
3214.7 
3274.1 
3333.5 
3392.8 
3452.0 
3511.2 
3570.3 
3629.4 
3688.5 

3747.5 
3806.5 
3865.4 

--
Entropy 
J/mo)·K 

242.64 
243.93 
245.18 
246.39 
24.7!;t; 

248.71 
249.82 
250.90 
251.95 
252.97 

253.97 
254.94 
255.89 
256.82 
257.73 

68.02 
68.73 
70.45 
72.13 

73.79· 
75.40 
76.98 
78.51 
79.44 

151.61 
151.92 
1::;2.71 

153.48 
154.22 
154.95 
165.65 

156.33 
157.00 
157.65 
158.29 
158.91 
159.52 
160. II 
160.69 
161.26 
161.82 

162.36 
162.90 
163.43 
163.94 
164.45 
164.95 
165.44 
165.92 
166.39 
166.85 

167.31 
167.76 
]68.20 

C, 
Jjmol·K 

25.75 
25.93 
26.11 
26.27 
2fi 4..q 

26.57 
26.71 
26.83 
26.95 
27.06 

27.16 
27.26 
27.35 
27.44 
27.52 

28.44 
28.25 
28.00 
27.84 
21.58 
21.55 
21.47 

21.40 
21.34 
21.29 
21.24 

21.20 
21.16 
21.13 
21.10 
21.07 
21.05 
21.03 
21.01 
20.99 
20.98 

20.96 
20.95 
20.94 
20.93 
20.92 
20.91 
20.90 
20.89 
20.89 
20.88 

20.88 
20.87 
20.86 

Cp 

Jlmol·K 

34.06 
34.25 
34.42 
34.59 
. '\474 

34.89 
35.02 
35.15 
35.2fi 

35.38 

35.48 
35.58 
35.67 
35.75 
35.83 

57.41 
57.57 
57.70 
57.79 
31.43 
31.35 
31.14-

30.95 
30.79 
30.65 
30.53 

30.42 
30.32 
30.23 
30.15 
30.08 
30.01 
29.95 
29.90 
29.85 
29.81 

29.77 
29.73 
29.69 
29.66 
29.63 
29.60 
29.58 
29.56 
29.53 
29.51 

29.49 
29.48 
29.46 

Velocity 
of sound 

mls 

715. 
728. 
740. 
753. 
765 . 

777. 
789. 
801. 
1113. 

824. 

835. 
847. 
858. 
868. 
879. 

1045. 
1002. 
964. 
941. 
175. 
176. 
178. 

181. 
183. 
186. 
188. 

190. 
193. 
195. 
197. 
199. 
202. 
204. 
206. 
208. 
210. 

212. 
214. 
216. 
218. 
220. 
222. 
224. 
226. 
228. 
230. 

231. 
233. 
235. 
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800 

Temper. 
ature 

kelvin 

136 
138 
140 
142 
144 
146 
148 

150 
1!:>!:> 

160 
165 
170 
175 

180 
185 
190 
196 

200 
210 
??O 

230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
SOO 

520 
540 
560 
58{\ 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 

Density 
mol/l 

0.08913 
0.08781 
0.08653 

0.08528 
0.08408 
0.08290 
0.08176 

0.08065 
U.U"llIUU 

0.07553 
0.07320 
0.07102 
0.06897 

0.06703 
0.06520 
0.06347· 
0.06133 

0.06027 
0.05738 
o O~47C; 
0.05236 
0.05016 
0.04815 
0.04629 
0.04457 
0.04297 
0.04148 

0.04010 
0.03880 
0.03759 
0.03645 
0.03537 
0.03436 
0.03340 
0.03250 
0.03164 
0.03083 

0.03006 
0.02863 
0.02733 
0.02614 
0.02505 
0.02405 

0.02312 
0.02226 
0.02147 
o.O?on 

0.02004 
0.01939 
0.01878 
0.01822 
0.01768 
0.01717 
0.01670 
0.01625 
0.01582 
0.0154J 

0.01503 

Isotherm 
derivative 
I· bar/mol 

II.l3 
11.30 
11.47 

11.64 
11.82 
11.99 
12.16 

12.33 
n.7!:> 

13.18 
13.60 
14.03 
14.45 

14.87 
15.29 
15.71 
16.14 

16.56 
17.40 
111 ')4 

19.08 
19.92 
20.75 
21.59 
22.43 
23.26 
24:10 

24.93 
25.77 
26.60 
27.44 
28.27 
29.11 
29.94 
30.78 
31.61 
32.44 

33.28 
34.94 
36.61 
38.27 
39.94 
41.61 

43.27 
44.94 
46.60 
4S.26 

49.93 
51.59 
53.26 
54.92 
56.58 
58.25 
59.91 
61.58 
63.24 
64.90 

66.57 
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Isochore 
derivative 

bar'K 

0.0075 
0.0074 
0.0072 

0.0071 
0.0070 
0.0009 
0.0068 

0.0067 
U.Ooo!) 

0.0063 
0.0061 
0.0059 
0.0058 

0.0056 
0.0054 
0.0053 
0.0052 

0.0050 
0.0048 
o {\{\46 

0.0044 
0.0042 
0.0040 
0.0039 
0.0037 
0.0036 
0.0035 

0.0033 
0.0032 
0.0031 
0.0030 . 

0.0029 
0.0029 
0.0028 
0.0027 
0.0026 
0.0026 

0.0025 
0.0024 
0.0023 
0.0022 
0.0021 
0.0020 

0.0019 
0.0019 
0.0018 
0.0017 

0.00]7 
0.0016 
0.00]6 
0.00]5 

0.0015 
0.0014 
0.0014 
0.0014 
0.0013 
0.0013 

0.0013 

Internal 
energy 

llmol 

2802.4 
2844.4 
2886.3 

2928.3 
2970.2 
301:.!.1 

3054.0 

3095.9 
3:100.6 

3305.2 
3409.7 
3514.2 
3618.6 

3723.0 
3827.4 
3931.7 
4036.0 

4140.3 
4348.7 
4557.1 

4765.4 
4973.7 
518l.9 
5390. ] 
5598.3 
5806.4 
6014.6 

6222.7 
6430.9 
6639.1 
6847.4 
7055.7 
7264.2 
7472.7 
7681.3 
7890.1 
8099.0 

8308.1 
8727.0 
9146.9 
9567.9 
9990.3 

10414.3 

10840.0 
11267.6 
11697.2 
12120.0 

12563.1 
12999.5 
J.,4311.4 
13879.8 
14323.8 
14770.4 
15219.7 
15671.7 
16126.4 
16583.7 

17043.8 

Enthalpy 
llmol 

3924.3 
3983.2 
4042.0 

4100.8 
4159.6 
4:.!lH.4 

4277. ] 

4335.9 
44li~.6 

4629.2 
4775.8 
4922.2 
5068.6 

5214.9 
5361.1 
5507.3 
5653.5 

5799.6 
60~n.6 
63S3.6 

6675.4 
6967.2 
7258.9 
7550.5 
7842.1 
8133.6 
8425.] 

8716.6 
9008.] 
9299.7 
9591.2 
9882.8 

10174.5 
10466.3 
10758.2 
11050.2 
] 1342.4 

11634.8 
12220.1 
12806.4 
13393.9 
13982.8 
14:;73.2 

]5165.3 
15759.3 
16355.2 
16953.4 

17553.8 
18156.6 
187f>Ul 
19369.6 
19979.9 
20592.9 
21208.5 
21826.8 
22447.B 
23071.5 

23697.9 

Entropy 
J/mol'K 

16B.64 
169.07 
169.49 
169.91 
170.32 
no. liS 

171.13 

171.52 
11:.t.'U3 

173.4] 
174.32 
175.19 
176.04 

176.86 
177.66 
178.44 
179.20 

179.94 
181.37 
IS? 73 

184.02 
185.27 
186.46 
187.60 
188.70 
189.76 
]90.78 

191. 77 
192.73 
193.65 
194.55 
195.42 
196.27 
197.09 
197.89 
198.67 
199.43 

200.17 
201.59 
202.96 
204.26 
205.52 
206.72 

207.88 
209.00 
:210.09 
211.11 

212.16 
213.14 
214.HI 
215.04 
215.95 
216.84 
217.71 
218.55 
219.38 
220.19 

220.98 

C,. 

llmol·K 

20.86 
20.86 
20.85 
20.85 
20.84 
:W.!l4 

20.84 

20.84 
;tV.B3 

20.82 
20.82 
20.82 
20.81 

20.81 
20.81 
20.80 
20.00 

20.80 
20.80 
20.7!l 

20.79 
20.79 
20.79 
20.79 
.20.79 
20.79 
20.79 

20.80 
20.80 
20.81 
20.81 
20.82 
20.83 
20.84 
20.86 
20.87 
20.89 

20.91 
20.96 
21.01 
21.08 
21.15 
2I.N 

21.33 
21.42 
21.53 
21.61 

21.76 
21.88 
2?OO 

22.13 
22.26 
22.40 
22.53 
22.66 
22.80 
22.93 

23.07 

Cp 

l/mol·K 

29.44 
29.43 
29.42 
29.40 
29.39 
l!Y.i51j 

29.37 

29.36 
29.34 

29.31 
29.30 
29.28 
29.27 

29.25 
29.24 
29.23 
29.22 

29.22 
29.20 
29.19 

29.18 
29.17 
29.16 
29.16 
29.16 
29.15 
29.15 

29.15 
29.15 
29.15 
29.16 
29.17 
29.17 
29.18 
29.20 
29.21 
29.23 

29.25 
29.29 
29.34 
29.41 
29.48 
29.:>6 

29.65 
29.75 
29.85 
29.96 

30.08 
30.20 
110112 

30.45 
30.58 
30.71 
30.85 
30.98 
31.12 
31.25 

31.38 

Velocity 
of sound 

mis 

237. 
239. 
240. 
242. 
244. 
l!4b. 

247. 

249. 
25.3. 

257. 
261. 
265. 
269. 

273. 
277. 
281. 
204. 

288. 
295. 
302. 

309. 
316. 
322. 
329. 
335. 
341. 
347. 

353. 
359. 
365. 
3iO. 
376. 
381. 
387. 
392. 
397. 
403. 

408. 
418. 
427. 
437. 

446. 
455. 

463. 
472. 
480. 
4SS. 

496. 
504. 
512. 

519. 
527. 
534. 
541. 
548. 
555. 
562. 

569. 



Temper. 
ature 
kelvin 

850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1.,:;0 

1700 
1750 

1&00 

1850 
1900 
1950 
2000 

Density 
molfl 

0.01414 
0.01336 
0.01266 
0.01202 
0.01145 
0.01093 
0.01046 
0.01002 
0.00962 

0.00925 
.0.00891 
0.00859 
0.00829 
0:00802 
0.00776 
0.00752 
0.00729 

0.00707 
0.00687 

0.00669 

0.00650 
0.00633 
0.00617 
0.00601 

* 63.171 30.97811 
64 30.86716 
66 30.59298 
68 30.30949 

70 30.01678 
72 29.71500 
74 29.40436 
76 29.08501 

* 77.347 28.86506 
• 77.347 0.16465 

78 0.16308 
80 0.15849 
82 0.15417 
84 0.15010 
86 0.14626 
88 0.14263 

90 0.13919 
92 0.13592 

94 0.13282 
96 0.12986 
98 0.12703 

100 0.12434 

102 0.12176 
104 0.11929 
106 0.11692 
108 0.11465 

110 0.11247 
112 0.11038 
114 0.10836 
lI6 0.10642 

Isotherm 
derivative 
j·bar/mol 

70.73 
74.88 
79.04 
83.20 
87.36 
91.52 
95.67 
99.83 

103.99 

10~.15 

112.30 
116.46 
120.62 
124.78 
128.93 
133.09 
137.25 

141.41 
145.56 

11'9.72 

153.88 
158.03 
162.19 
166 35 

240.24 
229.03 
204.96 
184.44 

166.80 
151.50 
138.10 
126.23 
118.95 

5.88 
5.94 
6.13 
6.33 
6.52 
6.71 
6.89 

7.08 
7.26 

7.44 
7.62 
7.80 
7.08 

8.16 
8.34 
8.52 
8.70 

8.87 
9.05 
9.22 
9.40 

THERMODYNAMIC PROPERTIES OF NITROGEN 80f 

Thermodynamic properties of nitrogen-Continued 

leochore 
derivative 

bar'K 

0.0012 
0.0011 
O.OOB 
0.0010 
0.0010 
0.0009 
0.0009 
0.0008 
0.0008 

0.0008 
0.0007 
0.0007 
0.0007 
0.0007 
0.0006 
0.0006 
0.0000 

0.0006 
0.0006 

0.0006 

0.0005 
0.0005 
0.0005 
11 nons 

31.92 
30.86 
28.57 
26.57 

24.79 
23.20 
21.75 
2D.43 
19.60 

0.0143 
0.0141 
0.0137 
0.0133 
0.0129 
0.0125 
0.0122 

0.0119 
0.0116 

0.0113 
0.0110 
0.0108 
0.0105 

0.0103 
0.0101 
0.0099 
0.0097 

0.0095 
0.0093 
0.0091 
0.0090 

Internal 
energy 
llmol 

18205.5 
19383.5 
20577.1 
2]785.8 
23008.6 
24244.9 
25493.9 
26754.7 
28026.6 

29309.0 
30601.1 
31902.3 
33212.0 
34529.6 
35854.6 
37186.7 
38525.2 

39869.8 
41220.1 

12575.9 

43936.5 
45301.9 
46671.8 
4Jl04!\ R 

Enthalpy 
llmol 

25275.4 
26869.1 
28478.6 
30102.9 
31741.6 
33393.6 
35058.3 
36734.9 
38422.6 

40120.6 
41828.5 
43545.4 
45270.8 
47004.2 
48744.9 
50492.7 
::;2246.9 

54007.2 
55773.3 

57511.7 

59321.1 
. 61102.2 
62887.8 
t\4Ji77.n 

1.01325 bar Isobar 

-4211.7 
-4166.1 
-4054.7 
-3941.7 

-3827.8 
-3713.2 
-3598.3 
-3483.0 
-3405.3 

1547.6 
1562.2 
1606.7 
1650.9 
1694.9 
1738.7 
1782.3 

1825.7 
1&69.0 

1912.1 
1955.2 
1998.1 
204.0.9 

2083.6 
2126.3 
2168.9 
2211.4 

2253.8 
2296.2 
2338.6 
2380.9 

-4208.4 
-4162.9 
-4051.4 
-3938.4 

-3824.4 
-3709.8 
-3594.8 
-3479.5 
-3401.8 

2163.0 
2183.5 
2246.0 
2308.2 
2370.0 
2431.5 
2492.7 

2553.7 
2614.4 

2675.0 
2735.4 
2795.7 
']955.8 

2915.8 
2975.7 
3035.4 
3095.1 

3154.7 
3214.2 
3273.7 
3333.0 

Entropy 
J/mol·K 

222.90 
224.72 
226.46 
228.12 
229.72 
23 1. l!6 

232.74 
234.17 
235.55 

236.88 
238.17 
239:42 

2tt:t63 
241.80 
242.94 
244.05 
24:>.13 

246.18 
247.21 

!!MI.21 

249.18 
250.13 
251.06 
2!\1.1lh 

68.02 
68.73 
70.45 
72.]3 

73.79 
75.40 
76.98 
78.51 
79.53 

151.54 
151.80 
152.59 
153.36 
154.11 
154.83 
155.53 

156.22 
156.99 

157.54 
158.17 
158.79 
159.40 

160.00 
160.58 
16U5 
161.70 

162.25 
162.79 
163.31 
163.83 

C. 
J/mol·K 

23.40 
23.72 
24.02 
24.32 
24.59 
24.1l5 

25.10 
25.33 
25;54 

25.75 
25.93 
26.11 
26.27 
26.43 
26.57 
26.71 
26.03 

26.95 
27.06 

27.16 

27.26 
27.35 
27.44 

. 27.52 

28.44 
28.25 
28.00 
27.83 
21.59 
21.56 
21.48 
21.41 
21.35 
21.29 
21.25 

21.20 
21.17 

21.13 
21.10 
21.08 
21.05 

21.03 
21.01 
21.00 
20.98 

20.97 
20.95 
20.94 
20.93 

Cp 

J/mol·K 

31.71 
32.03 
32.34 
32.63 
32.91 
33.17 

33.42 
33.64 
33.86 

34.06 
34.25 
34.43 
34.59 
34.74 
34.89 
35.02 
35.15 

35.26 
35.38 

35.49 

35.58 
35.67 
35.75 
3!\.R4 

57.41 
57.57 
57.70 
57.80 
31.45 
31.38 
31.17 
30.98 
30.82 
30.68 
30.55 

30.44 
30.31 

30.25 
30.16 
30.09 
30.03 

29.97 
29.91 
29.86 
29.82 

29.77 
29.74 
29.70 
29.67 

Velocity 
of sound 

m/e 

585. 
60L 
616. 
631-
646. 
6OIJ. 

674. 
688. 
701. 

715. 
728. 
740. 
753. 
765. 
777. 
789. 
001. 

813. 
824. 

935. 

847. 
858. 
869. 
R7Q. 

1045. 
1002. 
964. 
939. 
175. 
176. 
178. 
181. 
183. 
186. 
188. 

190. 
193. 

195. 
197. 
199. 
202. 

204. 
206. 
208. 
210. 

212. 
.214. 
216. 
218. 
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802 

Temper· 
ature 

kelvin 

118 
120 
122 
124 
126 
128 

130 
132 
134 

136 
138 
140 
142 
144 
146 
148 

150 
ISS 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 

Density 
mol/l 

0.10455 
0.10275 
0.10100 
0.09932 
0.09770 
0.09613 

0.09461 
0.09313 
0.09171 

0.09033 
0.08899 
0.08769 
0.08642 
0.08520 
0.0840] 
0.08285 

0.08172 
0.07904 
0.07653 
0.07418 
0.07197 
0.06989 
0.06792 
0.06607 
0.06431 
0.06265 

0.06107 
0.05814 
0.05548 
0.05305 
0.05083 
0.04879 
0.04690 
0.04516 
0.04354 
0.04203 

0.04063 
0.03932 
0.03808 
0.03693 
0.03584 
0.03482 
0.03385 
0.03293 
0.03206 
0.03124 

0.03046 
0.0290] 
0.02769 
0.02648 
0.02538 
0.02436 
0.02343 
0.02256 
0.02175 
0.02100 

0.02030 
0.0]965 

Isotherm 
derivative 
I· bar/mol 

9.57 
9.75 
9.92 

10.09 
10.27 
10.44 

10.61 
10.78 
10.96 

11.13 
11.30 
11.47 
11.64 
11.81 
11.98 
12.16 

12.33 
12.75 
13.18 
13.60 
14.02 
14.45 
14.87 
15.29 
15.71 
16.14 

16.56 
17.40 
18.24 
19.08 
19.91 
20.75 
21.59 
22.43 
23.26 
24.10 

24.93 
25.77 
26.60 
27.44 
28.27 
29.11 
29.94 
30.78 
31.61 
32.44 

33.28 
34.94 
36.61 
38.27 
39.94 
41.61 
43.27 
44.94 
46.60 
48.26 

49.93 
51.59 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

0.0088 
0.0086 
0.0085 
0.0083 
0.0082 
0.0001 

0.0079 
0.0078 
0.0077 

0.0076 
0.0075 
0.0073 
0.0072 
0.0071 
0.0070 
0.0069 

0.0068 
0.0066 
0.0064 
0.0062 
0.0060 
0.0058 
0.0057 
0.0055 
0.0054 
0.0052 

0.0051 
0.0049 
0.0046 
0.0044 
0.0042 
0.0041 
0.0039 
0.0038 
0.0036 
0.0035 

0.0034 
0.0033 
0.0032 
0.0031 
0.0030 
0.0029 
0.0028 
0.0027 
0.0027 
0.0026 

0.0025 
0.0024 
0.0023 
0.0022 
0.0021 
0.0020 
0.0019 
0.0019 
0.0018 
O.OOli 

0.0017 
0.00]6 

Internal 
energy 
J/mol 

2423.2 
2465.4 
2507.6 
2549.8 
2591.9 
2634.0 

2676.1 
2718.1 
2760.2 

2802.2 
2844.1 
2886.1 
2928.1 
2970.0 
3011.9 
3053.8 

3095.7 
3200.4 
3305.0 
3409.5 
3514.0 
3618.5 
3722.9 
3827.2 
3931.6 
4035.9 

4140.1 
4348.6 
4557.0 
4765.3 
4973.6 
5181.8 
5390.0 
5598.2 
5806.4 
0014.5 

6222.7 
6430.9 
6639.1 
6847.3 
7055.7 
7264.1 
7472.6 
7681.2 
7890.0 
8098.9 

8308.1 
8726.9 
9146.8 
9567.9 
9990.3 

104·14.3 
10840.0 
11267.6 
11697.2 
12129.0 

12563.0 
12999.5 

Enthalpy 
llmol 

3392.3 
3451.6 
3510.8 
3569.9 
3629.0 
3600.1 

3747.1 
3806.1 
3865.0 

3923.9 
3982.8 
4041.7 
4100.5 
4159.3 
4218.1 
4276.8 

4335.6 
4482.3 
4629.0 
4775.5 
4922.0 
5068.3 
5214.7 
5360.9 
5507.1 
5653.3 

5799.4 
6091.5 
6383.4 
6675.3 
6967.1 
7258.7 
7550.4 
7842.0 
8133.5 
8425.0 

8716.5 
9008.0 
9299.6 
9591.2 
9882.8 

10174.5 
10466.3 
10758;2 
11050.2 
11342.4 

11634.7 
12220.1 
12806.4 
13393.9 
13982.8 
14573.2 
15165.3 
15759.2 
16355.2 
16953.4 

17553.8 
18156.6 

Entropy 
J/mol·K 

164.34 
164.83 
165.32 
165.80 
166.28 
166.74 

167.20 
167.65 
16B.09 

168.53 
168.96 
169.313 
169.80 
170.21 
170.62 
171.02 

171.41 
172.37 
173.30 
174.21 
175.08 
175.93 
176.75 
1 i7.55 
178.33 
179.09 

179.83 
181.26 
182.62 
183.91 
185.16 
186.35 
187.49 
188.59 
189.65 
190.67 

191.66 
192.62 
193.54 
194.44 
195.31 
196.16 
196.98 
197.78 
198.56 
199.32 

200.06 
201.48 
202.85 
204.15 
205.41 
206.61 
207.77 
208.89 
209.98 
211.03 

212.05 
213.03 

C. 
llmol·K 

20.92 
20.91 
20.90 
20.90 
20.89 
20.00 

20.88 
20.87 
20.B7 

20.86 
20.86 
20.85 
20.85 
20.85 
20.84 
20.84 

20.84 
20.83 
20.82 
20.82 
20.82 
20.81 
20.131 
20.81 
20.80 
20.80 

20.80 
20.80 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 
20.79 

20.80 
20.80 
20.81 
20.81 
20.82 
20.83 
20.84 
20.86 
20.87 
20.89 

20.91 
20.96 
21.01 
21.08 
21.15 
21.24 
21.33 
21.42 
21.53 
21.64 

21.76 
21.88 

C. 
llmol·K 

29.64 
29.61 
29.59 
29.56 
29.54 
29.52 

29.50 
29.48 
29.16 

29.45 
29.4E 
29.42 
29.41 
29.39 
29.38 
29.37 

29.36 
29.34 
29.32 
29.30 
29.28 
29.27 
29.26 
29.25 
29.24 
29.23 

29.22 
29.20 
29.19 
29.18 
29.17 
29.17 
29.16 
29.16 
29.15 
29.15 

29.15 
29.15 
29.16 
29.16 
29.17 
29.17 
29.18 
29.20 
29.21 
29.23 

29.25 
29.29 
29.34 
29.41 
29.48 
29.56 
29.65 
29.75 
29.85 
29.96 

30.08 
30.20 

Velocity 
of sound 

mls 

220. 
222. 
224. 
226. 
228. 
230. 

231. 
233. 
235. 

237. 
239. 
240. 
242. 
244. 
246. 
247. 

249. 
253. 
257. 
261. 
265. 
269. 
273. 
277. 
281. 
2134. 

288. 
295. 
302. 
309. 
316. 
322. 
329. 
335. 
341. 
347. 

353. 
359. 
365. 
370. 
376. 
381. 
387. 
392. 
397. 
403. 

408. 
4113. 
427. 
437. 
446. 
455. 
463. 
472. 
480. 
488. 

496. 
504. 



Temper. 
ature 
kelvin 

640 
660 
680 
700 
720 

740 
760 
780 

BOO 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 

1950 
2000 

! 

i 

Density 
mol/l 

0.01903 
0.01846 
0.0)791 
0.01740 
0.01692 

0.01646 
0.01603 
0.01562 

0.01523 
0.01433 
0.01354-
0.01282 
0.01218 
0.01160 
0.01108 
0.01059 
0.01015 
0.00975 

0.00937 
0.00902 
0.00870 
0.00840 
0.00812 
0.00786 
0.00761 
0.00738 
0.00717 
0.00696 

0.00677 
0.00659 
0.00641 

0.00625 
0.00609 

• 63.193 30.97933 
64 30.87146 
66 30.59779 
68 30.31484 

70 30.02269 
72 29.72151 
74 29.41150 
76 29.09281 
78 28.76553 
80 28.42960 
82 28.08482 

* 83.617 27.79926 
* 83.617 0.30915 

84 0.30741 
86 0.29869 
88 0.29053 

90 0.28287 
92 0.27566 
94 0.26886 
96 0.26243 
98 0.25634 

Isotherm 
derivative 
I·bar/mol 

53.26 
54.92 
56.59 
58.25 
59.91 

61.58 
63.24 
64.90 

66.57 
70.73 
74.88 
79.04 
83.20 
87.36 
91.52 
95.67 
99.83 

103.99 

108.15 
112.30 
iI6.46 
120.62 
124.78 
128.93 
133.09 
137.25 
141.41 
145.56 

149.72 
153.88 
158.0 .. 

162.19 
166.35 

240.27 
229.36 
205.28 
184.76 

167.12 
151.82 
138.41 
126.54 
1I5.92 
106.33 
97.57 
91.01 

5.99 
6.03 
6.24 
6.45 

6.66 
6.86 
7.06 
7.26 
7.46 
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Thermodynamic properties of niu<>gen-Continued 

Isochore 
derivative 

bar·K 

0.0016 
0.0015 
0.0015 
0.0014 
0.0014 

0.0014 
0.0013 
0.0013 

0.0013 
0.0012 
0.0011 
0.0011 
0.0010 
0.0010 
0.0009 
0.0009 
0.0008 
0.0008 

0.0008 
0.0008 
0.0007 
0.0007 
0.0007 
0.0007 
0.0006 
0.0006 
0.0006 
0.0006 

0.0006 
0.0005 
0.0005 

0.0005 
0.0005 

31.87 
30.85 
28.57 
26.57 

24.79 
23.20 
21. 76 
20.44 
19.22 
18.09 
17.04 
16.24 

0.0274 
0.0272 
0.0263 
0.0255 

0.0247 
0.0240 
0.0233 
0.0227 
0.0221 

Internal 
energy 
lImo! 

13438.4 
13879.8 
14323.8 
14770.4 
15219.7 

15671.7 
16126.4 
16583.7 

17043.8 
18205.5 
19383.5 
20577.1 
21785.7 
23008.6 
24244.9 
25493.9 
26754.7 
28026.6 

29309.0 
30601.1 
31902.3 
33211.9 
34529.6 
35854.6 
37186~6 

38525.2 
39869.8 
41220.1 

42575.8 
43936.5 
45301.9 

46671.8 
48045.8 

Enthalpy 
J/mol 

18761.8 
19369.6 
19979.9 
20592.9 
212011.5 

21826.8 
22447.8 
23071.5 

23697.9 
25275.4 
26869.2 
28478.6 
30103.0 
31741.6 
33393.6 
35058.3 
36734.9 
38422.6 

40120.7 
41828.5 
43545.4 
45270.8 
47004.2 
48745.0 
50492.7 
52246.9 
54007.3 
55773.3 

57544.7 
59321.1 
51102.3 

62887.9 
64677.6 

2 bar Isobar 

-4211.4 
-4167.0 

. -4055.7 
-3942.8 

-3828.9 
-3714.4 
-3599.6 
-3484.5 
-3369.1 
-3253.4 
":3137.2 
-3043.0 

1638.5 
1647.5 
1693.9 
1739.9 

1785.5 
1830.7 
1875.6 
1920.3 
1964.7 

-4204.9 
-4160.6 
-4049.1 
-3936.2 

-3822.2 
-3707.7 
-3592.8 
-3477.6 
-3362.1 
-3246.3 
-3130.1 
-3035.8 

2285.5 
2298.1 
2363.5 
2428.3 

2492.5 
2556.2 
2619.5 
2682.4 
2745.0 

Entropy 
J/rnol·K 

213.99 
2]4.93 
2]5.84 
2]6.73 
217.60 

2]8.44 
219.27 
220.08 

220.87 
222.79 
224.61 
226.35 
228.02 
229.61 
231.15 
232.63 
234.06 
235.44 

236.77 
238.06 
239.31 
240.52 
241.69 
242.83 
243.94 
245.02 
246.07 
247.10 

248.10 
249.07 
:l!:lU.U2 

250.95 
251.85 

68.02 
68.72 
70.43 
72.12 

73.77 
75.38 
76.96 
78.49 
79.99 
81.46 
82.89 
84.03 

147.72 
147.87 
148.64-
149.39 

150.11 
150.81 
151.49 
152.15 
152.80 

C. 
J/rnol·K 

22.00 
22.13 
22.26 
22.40 
22.52 

22.66 
22.80 
22.93 

23.07 
23.40 
23.72 
24.02 
24.32 
24.59 
24.85 
25.10 
25.33 
25.54 

·25.75 
25.93 
26.11 
26.27 
26.43 
26.57 
26.71 
26.8.3 
26.95 
27.06 

27.16 
27.26 
::!7.i:lS 

27.44 
27.52 

28.48 
28.28 
28.04 
27.77 
27.52 
27.27 
27.09 
22.00 
21.97 
21.85 
21.75 

21.66 
21.58 
2].51 
2].44 
21.39 

Cp 

J/mol·K 

30.32 
30.45 
30.58 
30.71 
2.0.86 

30.98 
31.12 
31.25 

31.38 
31.71 
32.03 
32.34 
32.63 
32.91 
33.17 
:l!Li? 

33.64 
33.86 

34.06 
34.25 
34.43 
34.59 
34.74 
34.89 
35.02 
35.15 
35.26 
35.38 

35.48 
35.58 
35.67 
35.75 
35.84 

57.37 
57.54 
57.67 
57.81 
57.99 
58.22 
58.46 
32.97 
32.90 
32.55 
32.25 

31.98 
31.75 
31.54 
31.35 
31.19 

Velocity 
of sound 

m/s 

.512. 
519. 
527. 
534. 
541. 

548. 
555. 
562. 

569. 
585. 
601. 
616. 
631. 
646. 
660. 
f.7/J. 

688. 
701. 

715. 
728. 
740. 
753. 
765. 
777. 
789. 
801. 
813. 
824. 

835. 
847. 
858. 
869. 
879. 

1045. 
1003. 
964. 
928. 
894. 
862. 
8::l7. 
179. 
179. 
182. 
185. 

]87. 
190. 
192. 
195. 
197. 

J. Phys. Chem. Ref. Data. Vol. 2. N ... 4, 1973 



804 

Temper. 
ature 
kelvin 

100 
102 
104 
106 
lOB 

110 
112 
114 
110 

liB 
120 
122 
124 
126 
12B 

120 

132 
134 
136 
l~R 

140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
2BO 
290 

300 

310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
420 
440 

Density 
mol/l 

0.25055 
0.24504 
0.23980 
0.23479 
0.23001 

0.22543 
0.22104 
0.21684 
0.ZlZ80 

0.20892 
0.20518 
0.20159 
0.19812 
0.19478 
0.19l56 

O.l!1!l11 

0.18543 
0.18252 
0.17970 
0.17/\97 
0.17433 
0.17176 
0.16928 
0.16686 
0.16452 

0.16225 
0.15683 
0.15177 
0.14704 
0.14260 
0.13842 
0.13449 
0.13078 
0.12727 
0.12395 

0.12079 
0.11495 
0.10966 
0.10484 
0.10042 
0.09637 
0.09263 
0.OB918 
0.08597 
0.08299 

0.00021 

0.07761 
0.07518 
0.07289 
0.07074 

0.06871 
0.06680 
0.06499 
0.06327 
0.06165 

0.06010 
0.05724 
0.05463 

Isotherm 
derivative 
l·bar/mol 

7.65 
7.84 
8.04 
8.23 
8.41 

8.60 
8.79 
8.97 
9.15 
9.34 
9.52 
9.70 
9.88 

10.06 
10.24 

10.42 
10.60 
10.78 
10.95 
11.13 
11.31 
11.48 
11.66 
11.83 
12.01 

12.18 
12.62 
13.05 
13.49 
13.92 
14.35 
14.78 
15.21 
15.63 
16.06 

16.49 
17.34 
18.19 
19.03 
19.88 
20.72 
21.56 
22.41 
23.25 
24.09 

24.93 

25.76 
26.60 
27.44 
28.28 

29.11 
29.95 
30.79 
31.62 
32.46 

33.29 
34.97 
36.63 

J. Phys. Chern. Ref. Data, Vol. 2, No.4, 1973 

R. T. JACOBSEN AND R. B. STEWART 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0216 
0.0211 
0.0206 
0.0201 
0.0197 

0.0193 
0.0189 
0.0185 
0.0181 
0.0178 
0.0174 
0.0171 
0.0168 
0.0165 
0.0162 

0.0160 

0.0157 
0.0154 
0.0152 
0.0149 
0.0147 
0.0145 
0.0143 
0.0141 
0.0139 

0.0137 
0.0132 
0.0128 
0.0124 
0.0120 
0.0116 
0.01I3 
0.0110 
0.0107 
0.0104 

0.0101 
0.0096 
0.0092 
0.0088 
0.0084 
0.0081 
0.0077 
0.0075 
0.0072 
0.0069 

0.0067 

0.0065 
0.0063 
0.0061 
0.0059 

0.0057 
0.0056 
0.0054 
0.0053 
0.0051 

0.0050 
0.0048 
0.0046 

Internal 
energy 
J/mol 

2008.9 
2053.0 
2096.8 
2140.5 
2184.0 

2227.4 
2270.7 
2313.9 
23:;7.0 
2400.0 
2443.0 
2485.8 
2528.6 
2571.3 
2614.0 

2656.6 

2699.1 
2741.6 
2784.1 
282/\.5 
2868.9 
2911.3 
2953.6 
2995.8 
3038.1 

3080.3 
3185.8 
3291.1 
3396.3 
3501.3 
3606.3 
3711.2 
3816.0 
3920.8 
4025.5 

4130.1 

4339.3 
4548.2 
4757.1 
4965.8 
5174.5 
5383.1 
5591.6 
5800.1 
6008.5 

6217.0 
6425.4 
6633.8 
6842.3 
7050.9 

7259.5 
7468.2 
7677.0 
7885.9 
8095.0 

8304.2 
8723.4 
9143.5 

Enthalpy 
J/mol 

2807.2 
2869.1 
2930.8 
2992.3 
3053.6 

3114.6 
3175.5 
3236.3 
3296.9 
3357.4 
3417.7 
3477.9 
3538.1 
3598.1 
3658.1 

2717.0 

3777.7 
3837.4 
3897.1 
39!i6.6 
4016.2 
4075.6 
4135.1 
4194.4 
4253.7 

4313.0 
4461.0 
4608.8 
4756.5 
4903.9 
5051.2 
5198.3 
5345.3 
5492.3 
5639.1 

5785.8 
6079.1 
6372.1 
6664.8 
6957.4 
7249.8 
7542.1 
7834.3 
8126.4 
8418.4 

0710.4 

9002.3 
9294.3 
9586.2 
9878.2 

10170.2 
10462.3 
10754.5 
11046.8 
11339.2 

11631.8 
12217.6 
12804.3 

Entropy 
J/mol'K 

153.42 
154.04 
154.64 
155.22 
155.79 

156.36 
156.90 
157.44 
157.97 
158.49 
158.99 
159.49 
159.98 
160.46 
160.93 

161.'1.0 

161.85 
162.30 
162.74 
163.18 
163.61 
164.03 
164.44 
164.85 
165.26 

165.65 
166.62 
167.56 
168.47 
169.35 
170.21 
171.03 
171.84 
172.62 
173.39 

174.13 
175.56 
176.92 
178.22 
179.47 
180.66 
181.81 
182.91 
183.98 
185.00 

lOG.99 
186.95 
187.87 
188. 77 
189.64 

190.49 
191.31 
192.11 
192.89 
193.65 

194.39 
195.82 
197.19 

C,. 
J/mol·K 

21.34 
21.29 
21.25 
21.22 
21.18 

21.15 
21.13 
21.10 
21.08 

21.06 
21.04 
21.03 
21.01 
21.00 
20.98 

20.07 

20.96 
20.95 
20.94 
20.93 
20.92 
20.92 
20.91 
20.90 
20.90 

20.89 
20.88 
20.87 
20.86 
20.85 

·20.84 
20.84 
20.83 
20.83 
20.82 

20.82 
20.81 
20.81 
20.81 
20.80 
20.80 
20.80 
20.80 
20.80 
20.80 

20.00 

20.81 
20.81 
20.82 
20.83 

20.84 
20.85 
20.86 
20.88 
20.90 

20.92 
20.96 
21.02 

Cp 

J/mol·K 

31.04 
30.91 
30.79 
30.68 
30.58 

30.49 
30.41 
30.34 
30.27 

30.20 
30.14 
30.09 
30.04 
29.99 
29.95 

29.91 
29.87 
29.84 
29.81 
29.78 
29.75 
29.72 
29.70 
29.67 
29.65 

29.63 
29.58 
29.54 
29.50 
29.47 
29.44 
29.42 
29.39 
29.37 
29.36 

29.34 
29.31 
29.29 
29.27 
29.25 
29.24 
29.22 
29.21 
29.21 
29.20 

29.20 

29.19 
29.19 
29.20 
29.20 

29.21 
29.21 
29.22 
29.24 
29.25 

29.27 
29.31 
29.36 

Velocity 
of sound 

mls 

199. 
202. 
204. 
206. 
208. 

210. 
212. 
215. 
217. 

219. 
221. 
223. 
225. 
227. 
228. 

2!!O. 

232. 
234. 
236. 
238. 
240. 
241. 
243. 
245. 
247. 

248. 
253. 
257. 
261. 
265. 
269. 
273. 
277. 
281. 
284. 

288. 
295. 
302. 
309. 
316. 
322. 
329. 
335. 
341. 
347. 

3G3. 
359. 
365. 
371. 
376. 

382. 
387. 
392. 
398. 
403. 

408. 
418. 

427. 



Temper· 
ature 
kelvin 

460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 

950 
1000 
1050 
1100 

1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550-
1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
mol/l 

0.05225 
0.05008 
0.04807 
0.04622 
0.04451 
0.04292 
0.04144 

0.04006 
0.03877 
0.03755 
0.03642 
0.03535 
0.03434 
0.03338 
0.03248 
0.03163 
0.03082 

0.03004 
0.02828 
0.02671 

0.02530 
0.02404 
0.02289 
0.0!llIl5 

0.02090 
0:02003 
0.0]923 

0.01849 
0.0]78] 

0.01717 
0.01658 
0.0]603 
0.01551 
0.01503 
0.01457 
0.01414 
0.01374 

0.01336 
0.01300 
0.01266 
0.01233 
0.01202 

* 63.236 30.98]84 
64 30.88017 
66 30.60752 
68 30.325(j5 

70 
72 
74 
76 
78 
80 
82 
84 

30.03463 
29.73465 
29.42591 
29.10858 
28.78274 
28.44836 
28.10525 
27.75306 

Isotherm 
derivative 
I·bar/mol 

38,30 
39.97 
41.64 
43.31 
44.97 
46.64 
4K31 

49.97 
51.64 
53.30 
54.97 
56.63 
58.30 
59.96 
61.63 
63.29 
04.95 

66.62 
70.78 
74.94 

79.10 
83.26 
87.42 
91.57 

95.73 
99.89 

104.05 

108.21 
112.36 
116.52 
120.68 
124.84 
129.00 
133.15 
137.31 
141.47 
145.62 

149.78 
153.94 
158.10 
162.25 
166.41 

240.33 
230.02 
205.93 
165.41 

167.76 
152.45 
139.04 
127.]7 
1]6.55 
106.96 
98.22 
90.17 

THERMODYNAMIC PROPERTIES OF NITROGEN 80S 

Thermodynamic properties of nitrogen-Continned 

hochore 
derivative 

bar·K 

0.0044 
0.0042 
0.0040 
0.0039 
0.0037 
0.0036 
0.0035 

0.0033 
0.0032 
0.0031 
0.0030 
0.0029 
0.0029 
0.0028 
0.0027 
0.0026 
0.0021) 

0.0025 
0.0024 
0.0022 

0.0021 
0.0020 
0.0019 
0.0019 

0.0017 
0.0017 
0.0016 

0.0015 
0.0015 
0.0014 
0.0014 
0.00]3 
0.0013 
0.0013 
0.0012 
0.0012 
0.0011 

0.0011 
0.0011 
0.0011 
0.0010 
0.0010 

31.79 
30.83 
28.55 
26.56 

24.79 
23.20 
21.76 
20.45 
19.24 
]8.11 
17.07 
16.09 

Internal 
energy 
J/moi 

9564.7 
9987.4 

10411.5 
10837.4 
11265.1 
11694.9 
12]26.8 

12560.9 
12997.5 
13436.5 
13878.0 
14322.1 
14768.8 
15218.1 
15670.2 
16124.9 
16582.4 

17042.5 
18204.3 
19382.4 

20576.2 
21784.9 
23007.9 
21211.2 

25493.3 
26754.1 
28026.2 

29308.6 
30600.7 
31901.9 
33211.6 
34529.3 
35854.4 
37186.5 
38525.0 
39869.6 
41220.0 

42575.7 
43936.4 
45301.9 
46671.7 
48045.8 

Enthalpy 
llmol 

13392.2 
13981.4 
14572.0 
15164.4 
15758.6 
16354.8 
16953.2 

17553.8 
18156.7 
18762.1 
19370.1 
19980.5 
20593.6 
21209.4 
21827.8 
22448.9 
231J7Z.7 

23699.2 
25276.9 
26670.8 

28480.4 
30105.0 
31743.7 
33896.9 

35060.6 
36737.3 
38425.1 

40123.2 
41831.1 
43548.1 
45273.5 
47006.9 
48747.8 
50495.6 
52249.8 
54010.2 
55776.3 

57547.7 
59324.1 
61105.3 
62890.9 
64680.7 

4 bar Isobar 

-4210.7 
-4168.8 
-4057.6 
-3944.9 

-3831.2 
-3716.9 
':"3602.3 
-3487.3 
-3372.2 
-3256.7 
-3140.9 
-3024.5 

-4197.8 
-4155.9 
-4044.6 
-3931. 7 

-3817.9 
-3703.5 
-3588.7 
-3473.6 
-3358.3 
-3242.6 
-3126.6 
-3010.1 

Entropy 
J/mol·K 

198.49 
199.75 
200.95 
202.12 
203.24 
204.32 
205.37 

206.39 
207.38 
208.34 
209.27 
210.18 
211.07 
211.94 
212.79 
213.62 
214.4;:1 

215.22 
217.13 
2]8.95 

220.69 
222.36 
223.96 
:226.50 

226.98 
228.40 
229.78 

231.11 
232.40 
233.65 
234.86 
236.04 
237.18 
238.29 
239.37 
24OA2 

241.44 

242.44 
243.42 
244.37 
245.29 
246.20 

68.03 
68.69 
70.40 
72.09 

73.74 
75.35 
76.92 
78.46 
79.95 
81.42 
82.85 
84.25 

C. 
J/mol-K 

21.08 
21.16. 
21.24 
21.33 
21.43 
21.53 
21.64 

21.76 
21.88 
22.01 
22.13 
22.26 
22.40 
22.53 
22.67 
22.80 
ZZ.91:\ 

23.07 
23.40 
23.72 

24.03 
24.32 
24.59 
:24.86 

25.10 
25.33 
25.55 

25.75 
25.94 
26.11 
26.28 
26.43 
26.57 
26.71 
26.83 
26.95 
27.06 

27.17 
27.26 
27.35 . 

27.44 
27.52 

28.56 
28.36 
28.11 
27.84 
27.58 
27.33 
27.11 

Cp 

Jlmol·K. 

29.42 
29.49 
29.57 
29.66 
29.76 
29.86 
29.97 

30.09 
30.21 
30.33 
30.46 
30.59 
30.72 
30.85 
30.99 

·31.12 
3J.2b 

31.39 
31.72 
32.04 

32.34 
32.64 
32.91 
88.17 

33.42 
33.65 
33.86 

34.06 
34.25 
34.43 
34.59 
34.74 
34.89 
35.02 
35.15 
35.27 
35.38 

35.48 
35.58 
35.67 
35.75 
35.84 

57.31 
57.47 
57.60 
57.73 
57.90 
58.13 
58.42 

Velocity 
of sound 

mls 

437. 
446. 
455. 
464. 
472. 
481. 
489. 

497. 
504. 
512. 
520. 
527. 
534. 
541. 
548. 
555. 
5()Z. 

569. 
585. 
(j01. 

617. 
632. 
646. 
661. 

675. 
688. 
702. 

715. 
728. 
741. 
7fiFl. 

765. 
778. 
789. 
801. 
813. 
824. 

836. 
847. 
858. 
869. 
879. 

1045. 
1003. 
965. 
929. 
895. 
863. 
833. 
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B06 

Temper· 
ature 
kelvin 

86 
88 

90 
* 91.221 
+ 91.221 

92 
94 
96 
98 

100 
102 
104 
10/\ 

108 

110 
112 
114 
116 
llS 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
26U 
270 
280 
290 

300 
3}0 
320 
330 

Density 
mo)/) 

27.39126 
27.01909 

26.63559 
26.39532 

0.59115 

0.58703 
0.56971 
0.55366 
0.53969 

0.52470 
0.51157 
0.49920 
0.411753 

0.47648 

0.46601 
0.45605 
0.44657 
0.43753 
0.42890 
0.42064 
0.41273 
0.40514 
0.39786 
0.39086 

0.38413 
0.37764 
0.37139 
0.36536 
0.35953 
0.35391 
0.34847 
0.34320 
0.33811 
0.33317 

0.32838 
0.31703 
0.30647 
0.29663 
0.28743 
0.27880 
0.27070 
0.26307 
0.25587 
0.24907 

0.24263 
0.23073 
0.21996 
0.21017 
0.20124 
0.19304 
U.11l550 
0.17853 
0.17207 
0.16607 

0.16048 
0.15525 
0.15036 
0.11577 

Isotherm 
derivative 
I·har/mu] 

82.70 
75.74 

69.19 
65.38 

5.99 

5.99 
6.23 
6.48 
6.71 

6.94 
7.17 
7.39 
7.60 

7.82 

8.03 
8.24 
8.44 
8.65 
S.85 
9.05 
9.25 
9.44 
9.64 
9.83 

10.02 
10.21 
10.40 
10.59 
10.78 
10.97 
11.16 
11.34 
11.53 
11.71 

11.89 
12.35 
12.80 
13.25 
13.70 
14.15 
14.59 
15.03 
15.47 
15.91 

16.35 
17.21 
18.08 
18.94 
19.80 
20.66 
:11.51 

22.36 
23.21 
24.06 

24.91 
25.76 
26.60 
27.45 
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Thermodynamic .oroperties of nitrogen-Continued 

Isoehore 
derivative 

har·K 

15.17 
14.30 

13.48 
12.99 

0.0517 

0.0539 
0.0519 
0.0501 
0.0495 

0.0470 
0.0456 
0.0443 
0:0431 

0.0420 

0.0410 
0.0400 
0.0391 
0.0382 
0.0373 
0.0366 
0.0358 
0.0351 
0.0344 
0.0337 

0.0331 
0.0325 
0.0319 
0.0314 
0.0309 
0.0303 
0.0298 
0.0294 
0.0289 
0.0285 

0.0280 
0.0270 
0.0261 
0.0252 
0.0244 
0.0236 
0.0229 
0.0223 
0.0216 
0.0210 

0.0205 
0.0195 
0.0)85 
0.0177 
0.0169 
0.0162 
U.UJ;'O 

0.0150 
0.0144 
0.0139 

0.0135 
0.0130 
0.0126 
0.0122 

Internal 
energy 
J/mo] 

-2907.5 
-2789.6 

-2670.7 
-2597.4 

1725.2 

1744.7 
1794.4 
1843.4 
1991.6 

1939.3 
1986.5 
2033.2 
20796 

2125.5 

2171.2 
2216.6 
2261.7 
2306.6 
2351.3 
2395.8 
2440.2 
2484.3 
2528.4 
2572.3 

2616.0 
2659.7 
2703.2 
2746.7 
2790.1 
2833.3 
2876.5 
2919.7 
2962.7 
3005.7 

3048.6 
3155.7 
3262.5 
3369.1 
3475.4 
3581.5 
3687.4 
3793.2 
3898.8 
4004.3 

4109.7 
4320.3 
4530.5 
4740.4 
4950.1 
5159.6 
!:J3()~.U 

5578.2 
5787.3 
5996.4 

6205.4 
6414.3 
6623.3 
6932.2 

Enthalpy 

Jlmo1 

-2892.9 
-2774.8 

-2655.7 
-2582.3 

2399.4 

2426.1 
2496.5 
2565.8 
2634.] 

2701.6 
2768.4 
2834.5 
29000 

2965.0 

3029.6 
3093.7 
3157.4 
3220.9 
3284.0 
3346.8 
3409.3 
3471. 7 
3533.8 
3595.7 

3657.4 
3718.9 
3780.3 
3841.5 
3902.6 
3963.6 
4024.4 
4085.2 
4145.8 
4206.3 

4266.7 
4417.5 
4567.7 
4717.5 
4867.0 
5016.2 
5165.1 
5313.7 
5462.1 
5610.3 

5158.3 
6053.9 
6349.0 
6643.6 
6937.8 
7231. 7 
'/:>2;'.4 

7818.8 
8112.0 
8405.0 

8698.0 
8990.8 
9283.6 
9576.3 

Entropy 
J/mol·K 

85.63 
86.99 

88.33 
89.14 

14.3.77 

144.07 
144.83 
145.56 
146.26 

146.94 
147.61 
148.25 
1411117 

149.48 

150.07 
150.65 
151.21 
lSI. 76 
152.30 
152.83 
153.35 
153.86 
154.35 
154.84 

155.32 
155.79 
156.25 
156.70 
157.15 
157.59 
158.02 
158.44 
158.86 
159.27 

159.68 
160.67 
161.62 
162.54 
163.44 
164.30 
165.14 
165.95 
166.75 
167.52 

168.27 
169.71 
171.08 
172.39 
173.64 
174.84 
l'/!:J.YII 

177.10 
178.17 
179.20 

180.19 
181.15 
182.08 
192.99 

C •. 
J/mo)·K 

26.91 
26.73 

26.58 
26.50 
22.63 

22.56 
22.38 
22.23 
22.10 

21.99 
21.88 
21.79 
?1.71 

21.64 

21.57 
21.51 
21.46 
21.41 
21.37 
21.33 
21.29 
21.26 
21.23 
21.20 

21.17 
21.15 
21.13 
2J.ll 
21.09 
21.07 
21.06 
21.04 
21.03 
21.02 

21.00 
20.98 
20.96 
20.94 
20.92 
20.91 
20.90 
20.89 
20.88 
20.87 

20.86 
20.85 
20.84 
20.83 
20.83 
20.82 
:W.1l2 

20.82 
20.82 
20.82 

20.82 
20.82 
20.83 
20.S3 

Cp 

J/mo)·K 

58.80 
59.29 

59.88 
60.31 
35.76 

35.50 
34.91 
34.39 
33.94 

33.55 
33.21 
32.90 
3?1i.~ 

32.38 

32.16 
31.97 
31.79 
31.63 
31.48 
31.34 
31.22 
31.10 
31.00 
30.90 

30.81 
30.73 
30.65 
30.58 
30.51 
30.45 
30.39 
30.34 
30.29 
30.24 

30.20 
30.09 
30.01 
29.93 
29.86 
29.80 
29.75 
29.70 
29.66 
29.62 

29.59 
29.53 
29.48 
29.44 
29.41 
29.38 
2Y.3b 

29.33 
29.31 
29.30 

29.29 
29.28 
29.27 
29.27 

Velocity 
of sound 

mls 

803. 
774. 

746. 
729. 
192. 

183. 
186. 
189. 
192 

194. 
197. 
200. 
902. 
204. 

207. 
209. 
211. 
214. 
216. 
218. 
220. 
222. 
224. 
226. 

228. 
230. 
232. 
234. 
236. 
238. 
240. 
242. 
243. 
245. 

247. 
251. 
256. 
260. 
264. 
268. 
272. 
276. 
280. 
284. 

288. 
295. 
302. 
309. 
316. 
323. 
32Y. 

335. 
342. 
348. 

354. 
360. 
365. 
371. 



Temper· 
ature 
kelvin 

340 
350. 
360 
370 
380 
390 

400 
420 
440 

460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 

IlOO 
1150 
1200 
1250 

1300· 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
mol/l 

0.14145 
0.13739 
0.13355 
0.12992 
0.12649 
0.12323 

0.12014 
0.11440 
0.10919 

0.10443 
0.10007 
0.09606 
0.09237 
0.08894 
0.08576 
0,08281 

0.08005 
0.07746 
0.07504 
0.07277 
0.07063 
0.06861 
0.06671 
0.06491 
0.06320 
0.06158 

0.06004 
0.05651 
0.05338 
0.05057 
0.04804 
0.04576 

0.04368 
0.04178 
0.04004 
0.02944 

0.03697 
0.03560 
0.03433 
0.03315 
0.03204 
0.03101 
0.03004 
0.02913 
0.02828 
0.02747 

0.02671 
0.02598 
0.02530 
0.02465 
0.02404 

• 63.280 30.98436 
64 30.88885 
66 30.61722 

l60therm 
derivative 
l·bar/mol 

28.29 
29.13 
29.97 
30.81 
31.65 
3!L49 

33.33 
35.01 
36.69 

38.36 
40.03 
41.71 
43.38 
45.05 
46.72 
48.39 

50.06 
51.72 
53.39 
55.06 
56.73 
58.39 
60.06 
61.73 
63.39 
65.06 

66.72 
70.89 
75.05 
79.21 
83.37 
87.53 

91.69 
95.85 

]00.0] 
104.17 

108.33 
112.49 
116.64 
120.80 
]24.96 
129.12 
133.28 
]37.43 
141.59 
145.75 

]49.91 
154.06 
158.22 
]62.38 
166.53 

240.39 
230.69 
206.59 
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Thermodynamic properties of nitrogen-Continued 

.Jsochore 
derivative 

bar·K 

0.0118 
0.0115 
0.0112 
0,0109 
0.0106 
0.0103 

0.0100 
0.0096 
0.0091 

0.0087 
0.0084 
0.0080 
0.0077 
0.0074 
0.0072 
0.0069 

0.0067 
0.0065 
0.0063 

·0.0061 
0.0059 
0.0057 
0.0056 
0.0054 
0.0053 
0.0051 

O.OOSO 
0.0047 
0.0044 
0.0042 
0.0040 
0.0038 

0.0036 
0.0035 
0.0033 
0.0032 

0.0031 
0.0030 
0.0029 
0.0028 
0.0027 
0.0026 
0.0025 
0.0024 
0.0024 
0.0023 

0.0022 
0.0022 
0.0021 
0.0021 
0.0020 

31. 71 
30.80 
28.53 

Internal 
energy 
J/mol 

7041.1 
7250.1 
7459.2 
7668.3 
7877.5 
80&6.9 

8296.5 
8716.1 
91367 

9558.4 
9981.4 

10405.9 
10832.1 
11260.1 
11690.1 
12122.3 

12556.7 
12993.4 
13432.6 
13874.3 
14318.6 
14765.5 
15215.0 
15667.2 
16122.1 
16579.6 

17039.8 
18202.0 
19380.3 
20574.3 
21783.2 
23006.4 

24242.9 
25492.0 
26753.1 
29025.2 

29307.7 
30599.9 
31901.2 
33211.0 
34528.8 
35853.9 
37186.1 
38524.7 
39869.4 
41219.8 

42575.5 
43936.3 
45301.8 
46671. 7 
48045.8 

Enthalpy 
llmol 

9868.9 
10161.6 
10454.3 
10747.1 
11039.9 
11332.9 

11626.0 
12212.6 
191100 J 

13388.7 
13978.5 
14569.8 
15162.7 
15757.4 
16354.1 
16952.8 

17553.8 
18157.1 
18762.8 
]9371.0 
19981.8 
20595.2 
21211.2 
21829.8 
22451.1 
23075.1 

23701.8 
25279.9 
26874.2 
28484.1 
30109.0 
31748.0 

33400.3 
35065.3 
36742.2 
81l42O.1 

40 128A 
41836.4 
43553.5 
45279.0 
47012.5 
4B753.5 
50501.3 
52255.7 
54016.1 
55782.2 

57553.7 
59330.2 
61111.4 
62897.0 
64686.9 

6 bar Isobar 

-4210.0 
. -4170.6 
-4059.6 

-4190.7 
-4151.2 
-4040.0 

Entropy 
J!mol·K 

183.85 
184.70 
185.53 
186.33 
187.11 

.187.87 

188.61 
190.04 
191.41 

192.72 
193.97 
195.18 
196.34 
197.46 
198.55 
199.60 

200.62 
201.61 
202.57 
203.50 
204.42 
205.31 
206.17 
207.02 
207.85 
208.66 

209.45 
211.37 
. 213.19 
214.93 
216.60 
218.20 
219.73· 

221.21 
222.64 
224.02 

225.35 
226.64 
227.89 
229.10 
230.27 
231.42 
232.53 
233.61 
234.66 
235.68 

236.68 
237.65 
238.60 
239.53 
240.44 

68.04 
68.66 
70.37 

Cu 

J/mo}·K 

20.84 
20.85 
20.86 
20.87 
20.89 
?0.90 

20.92 
20.97 
21.02 

21.09 
21.16 
21.24 
21.33 
21.43 
21.54 
21.65 

21.76 
21.88 
22.01 
22.14 
22.27 
22.40 
22.53 
22.67 
22.80 
22.94 

23.07 
23.40 
23.72 
24.03 
24:32 
24.60 

24.86 
25.10 
25.33 
25.5:) 

25.75 
25.94 
26.11 
26.28 
26.43 
26.57 
26.71 
26.83 
26.95 
27.06 

27.]7 
27.26 
27.35 
27.44 
27.52 

C. 
J/mol·K 

29.27 
29.27 
29.27 
29.28 
29.29 
29.31l 

29.32 
29.35 
2Q.40 

29.46 
29.53 
29.60 
29.69 
29.78 
29.88 
29.99 

30.11 
30.23 
30.35 
30.47 
30.60 
30.73 
30.87 
3],00 
3U3 
31.27 

31.40 
31.73 
32.04 
32.35 
32.64 
32.92 
33.]8 
33.42 
33.65 
33.06 

34.07 
34.25 
34.43 
34.59 
34.75 
34.89 
35.02 
35.15 
35.27 
35.38 

35.4B 
35.58 
35.67 
35.76 
35.84 

Velocity 
of sound 

mls 

371. 
382. 
387. 
393. 
398. 
41\3. 

4Q8. 
418. 
428. 
437. 
447. 
455. 
464. 
473. 
481. 
489. 

.497. 
505. 
513. 
520. 
528. 
535. 
542. 
549. 
556. 
563. 

569. 
586. 
602 • 
617. 
632. 
047. 

661. 
675. 
689. 
702. 

715. 
728. 
741. 
753. 
766. 
778. 
790. 
802. 
813. 
825. 

836. 
M7. 
858. 
869. 
880. 
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808 

Tempel"-

ature 
kelvin 

68 

70 
72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 

• \i/).J()i 

• 96.367 
98 

100 
102 

104 
106 
108 

110 
112 
]]4 

116 

lIB 

120 
122 
124 
126 
128 

130 
132 
l34 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
J60 

185 
190 
195 

200 
2JO 
220 
230 

npn~ity 

mo!/l 

30.3364] 

30.04653 
29.74775 
29.44026 
29.]2427 
28.79985 
28.46700 
28.]2555 
27.775]7 
27.4]534 
27.04538 

26.66435 
26.27109 
25.86414 
25.44168 
:<;'.'l(J~J4 

0.87966 
{).85638 
0.83007 
0.80586 

0.78345 
0.76260 
0.74313 

0.72486 
0.70769 
0.69J48 
0.67616 

0.66163 
0.64783 
0.63469 
0.62216 
0.61019 
0.59874 

0.58778 
0.57726 
0.56716 
0.55746 
0.54812 
0.53912 
0.53044 
0.52207 
0.51398 
0.50CI7 

0.49861 
0.48075 
0.46422 
0.44886 
0.4.3456 
0.42Jl9 
0.40867 

0.39690 
0.38583 
0.37539 

0.36552 
0.34731 
0.33090 
0.31601 
0.30248 

T§orhp.rm 

derivative 
I·bar/mol 

]86.05 

168.40 
153.09 
]39.67 
127.80 
117.]9 
107.60 
98.86 
90.82 
83.36 
76.40 

69.87 
63.71 
57.87 
52.32 
~J.;n 

5.65 
5.88 
6.16 
6.45 

6.69 
6.94 
7.19 

7.43 
7.66 
7.89 
8.12 

8.34 
8.56 
8.78 
8.99 
9.20 
9.41 

9.62 
9.82 

10.03 
10.23 
10.43 
10.6.') 
10.83 
11.02 
11.22 
11.41 

11.60 
12.08 

12.55 
13.02 
13.49 
13.95 
14.40 

J4.86 
15.31 
15.76 

16.21 
l7.09 
17.98 
18.85 
19.73 
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Thermodynamic properties of nitrogen-Continued 

l~nC'hnre 

derivative 
bar·K 

26.55 

24.79 
23.2] 
21.77 
20.46 
19.25 
18.14 
17.09 
16.12 
15.20 
14.34 

13.52 
12.74 
11.99 
11.27 
J 1.14 

0.0837 
0.0808 
0.0776 
0.0148 

0.0722 
0.0699 
0.0677 

0.0657 
0.0639 
0.0621 
0.0605 

0.0590 
0.0576 
0.0563 
0.0550 
0.0538 
0.0527 

0.0516 
0.0506 
0.0496 
0.0487 
0.0478 
0.0469 
0.0461 
0.0453 
0.0446 
0.0438 

0.0431 
0.0415 
0.0400 
0.0386 
0.0373 
0.0361 
0.0349 

0.0339 
0.0329 
0.0320 

0.0311 
0.0295 
0.0281 
0.0268 
0.0256 

IntpTn~l 

energy 
J/mol 

-3947.0 

-3833.5 
-3719.4 
-3604.9 
-3490.2 
-3375.3 
-3260.0 
-3144.4 
-3028.4 
-2911.7 
-2794.1 

-2675.6 
-2555.8 
-2434.4 
-2311.2 
-2288.4 

1765.0 
1808.8 
1861.3 
1912.8 

1963.3 
2013.1 
2062.2 

2])0.7 
2158.7 
2206.1 
2253.2 

2299.9 
2346.3 
2392.3 
2438.1 
2483.6 
2528.9 

2574.0 
2618.9 
2663.6 
2708.1 
2752.5 
2796.8 
2840.9 
2884.9 
2928.8 
29i2.6 

3016.3 
3125.2 
3233.5 
3341.5 
3449.1 
3556.4 
:106:1.4 

3770.1 
3876.7 
3983.1 

4089.2 
4301.2 
4512.6 
4723.6 
4934.3 

FnthRJvy 

J/mo! 

~3927.2 

-3813.5 
-3699.2 
-3584.5 
-3469.6 
-3354.4 
-3239.0 
-3123.1 
-3006.8 
-2889.8 
-2771.9 

-2653.1 
-2532.9 
-2411.2 
-2287.6 
-2264.7 

2447.1 
2509.4 
2584.2 
2657 . .3 

2729.2 
2799.9 
2869.6 

2938.4 
3006.5 
3073.8 
3110.6 

3206.8 
3272.4 
3337.7 
3402 .. , 
3466.9 
3531.0 

3594.8 
3658.3 
3721.5 
3784.5 
3847.2 
3909.7 
3972.1 
4034.2 
4096.2 
4158.0 

4219.7 
4373.2 
4526.0 
4678.2 
4829.8 
4980.9 
5131.(J 

5281.8 
5431.8 
5581.4 

5730.7 
6028.7 
6325.9 
6622.3 
6918.2 

F.ntrllPY 

J/mol·K 

72.06 

73.70 
75.31 
76.89 
78.42 
79.91 
81.38 
82.81 
84.21 
85.58 
86.94 

88.27 
89.59 
90.90 
92.20 
92.44 

141.36 
142.00 
142.75 
143.48 

144.17 
144.85 
145.50 

146.13 
146.74 
147.34 
1·17.92 

148.49 
149.04 
149.58 
1.S0.10 
150.62 
15J.l2 

151.62 
152.10 
152.58 
153.04 
153.50 
153.95 
154.39 
154.83 
155.26 
155.68 

156.09 
157.10 
158.07 
159.00 
159.91 
160.79 
1()1.()3 

162.46 
163.26 
164.04 

164.79 
166.25 
J67.63 
168.95 
170.20 

c,. 
Jlmo!·K 

28.63 
28.43 
28.18 
27.91 
27.64 
27.39 
27.16 
26.96 
26.78 

26.63 
26.50 
26.39 
26.30 
26.28 
23.]6 
22.96 
22.76 
22.57 

22.41 
22.27 
22.15 

22.04 
21.94 
21.85 
21.77 

21.70 
21.63 
21.57 
21 :;9 

21.47 
21.43 

21.39 
21.35 
21.31 
21.28 
21.25 
21.23 
21.20 
21.18 
21.16 
21.14 

21.12 
21.08 
21.05 
21.02 
20.99 
20.97 
20.95 

20.94 
20.92 
20.91 

20.90 
20.88 
20.87 
20.86 
20.85 

C. 

J/mo!·K 

57.25 
57.41 
57.53 
57.66 
57.82 
58.04 
58.32 
58.69 
59.16 

59.73 
60.44 
61.29 
62.32 
62.53 . 
38.59 
37.79 
36.95 
';().24 

35.63 
35.09 
34.62 

34.21 
33.84 
33.52 
33.22 

32.96 
32.72 
32.51 
;:!? 31 

32.13 
31.96 

31.81 
31.67 
31.55 
31.43 
31.32 
31.21 
31.12 
31.03 
30.95 
30.87 

30.80 
30.63 
30.49 
30.37 
30.27 
30.17 
30.09 

30.02 
29.95 
29.90 

29.84 
29.75 
29.68 
29.62 
29.56 

V .. lnriry 

of sound 
mts 

1045. 
1003. 
965. 
930. 
896. 
865. 
834. 
805. 
776. 

748. 
720. 
693. 
665. 
660. 
183. 
186. 
189. 
192. 

195. 
198. 
200. 

203. 
205. 
208. 
210. 

213. 
215. 
217. 
220 

222. 
224. 

226. 
228. 
23{). 

232. 
234. 
236. 
238. 
240. 
242. 
244. 

246. 
250. 
255. 
259. 
263. 
268. 
272. 

276. 
280. 
284. 

287. 
295. 
302. 
309. 
316. 



Temper. 
ature 
kelvin 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 

500 
520 
540 
c;uO 
580 

600 
620 
640 
660 
680 
70n 

720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
llOO 
1I50 
1200 
1250 

1300 
1350 
1400 
1450 
1500 

1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 

Density 
mol/l 

0.29001 
0.27858 
0.26804 
0.25828 
0.24923 

0.24079 
0.23291 
0.22555 
0.21863 
0.21214 
0.20602 
0.20025 
0.19480 
0.18964 
0.18475 

0.18010 
0.17149 
0.16366 
0.15653 
Q.14W!I 

0.14398 
0.13843 
'0.13330 
0.12854 

0.12410 

0.11997 
0.ll610 
0.1I247 
0.10906 
0.10586 
0.10284 

0;09998 
0.09728 
0.09472 
0.09230 

0.08999 
0.08471 
0.08001 
0.07580 
0.07202 
0.06859 
0.06548 
0.06264 
0.06003 
0.05763 

0.05542 
0.05337 
0.05147 
0.04969 
U.U48U4 
0.04649 
0.04504 
0.04368 
0.04239 
0.04118 

0.04004 
0.03896 
0.03794 

Isotherm 
derivative 
l·har/mol 

20.60 
. 21.46 

22.32 
23.18 
24.04 

24.89 
25.75 
26.60 
27.45 
28.30 
29.15 
29.99 
30.84 
31.68 
32.53 

33.37 
35.06 
36.74 
38.42 
40.10 
41.77 
43.45 
45.12 
40.80 

48.47 

50.14 
5].8] 
53.48 
55.15 
56.82 
58.19 

60.16 
61.83 
63.49 
65.16 

66.83 
71.00 
75.16 
79.32 
83.49 
87.65 
91.81 
95.97 

100.13 
104.29 

108.45 
112.61 
116.77 
120.92 
125.08 
129.24 
133.40 
137.56 
141.71 
145.87 

lSO.03 
154.19 
158.34 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

har·K 

0.0245 
0.0235 
0.0226 
0.0218 
0.0210 

0.0203 
0.0196 
0.0190 
0.0184 
0.0178 
0.0173 
0.0168 
0.0164 
0.0159 
0.0155 

0.0151 
0.0144 
0.0137 
0.0131 
0.0126 
0.0120 
0.0116 
O.OIll 
0.0107 

0.0104 

0.0100 
0.0097 
0.0094 
0.0091 
0.0088 
0.0096 , 

0.0083 
0.0081 
0.0079 
0.0077 

0.0075 
0.0071 
0.0067 
0.0063 
0.0060 
0.0057 
0,0055 
0.0052 
0.0050 
0.0048 

0.0046 
0.0044 
0.0043 
0.0041 
0.0040 
0.0039 
0.0038 
0.0036 
0.0035 
0.0034 

0.0033 
0.0032 
0.0032 

Internal 
energy 
Jlmol 

5]44.7 
5354.9 
5564.8 
5774.6 
5984.3 

6193.8 
6403.3 
66]2.7 
6822.0 
7031.4 
7240.8 
7450.2 
7659.6 
7869.2 
8078.9 

8288.7 
8708.9 
9129.9 
9552.0 
9975.4 

10400.3 
10826.8 
11255.1 
11685.4 

12117.8 

12552.4 
12989:4 
13428.8 
13870.7 
14315.1 
14762.2 

15211.9 
15664.2 
16119.2 
16576.9 

17037.2 
18199.7 
19378.2 
20572.4 
21781.6 
23004.8 
24241.5 
25490.8 
26752.0 
28024.2 

29306.8 
30599.1 
31900.5 
33210.4 
·34528.3 
35853.5 
37185.7 
38524.3 
39869.1 
4]219.5 

42575.3 
43936.1 
45301. 7 

Enthalpy 
Jlmol 

7213.6 
7508.6 
7803.3 
8097.6 
8391.7 

8685.6 
8979.3 
9272.9 
9566.3 
9859.7 

10153.1 
10446.4 
10739.7 
11033.1 
11326.6 

11620.1 
12207.7 
12796.0 
13385.2 
13975.7 
14567.5 
15161.0 
15756.2 
Ib3!>i.l.i.l 

16952.5 

17553.8 
1B157.5 
18763.5 
19372.0 
19983.1 
20596.7 

21213.0 
21831.8 
22453.4 
23077.6 

23704.4 
25283.0 
26877.7 
28487.9 
30113.0 
31752.2 
33404.B 

35070.0 
36747.0 
38435.1 

40133.5 
41841.7 
43558.9 
45284.5 
4701B.l 
48759.1 
50507.1 
52261.5 
54022.0 
55788.2 

57559.7 
59336.2 
61117.5 

Entropy 
Jlmol·K 

171.41 
172.57 
173.68 
174.75 
17 .... 7R 

176.78 
177.74 
178.67 
]79.58 
180.45 
181.30 
182.13 
182.93 
183.72 
184.48 

185.22 
186.65 
188.02 
189.33 
190.59 
191.80 
192.96 
194.08 
195.17 
196.22 

197.24 
198.23 
199.19 
200.13 
201.04 
201.93 

202.80 
203.65 
204.47 
205.2S 

206.08 
207.99 
209.82 
211.56 
213.22 
214.82 
216.36 
217.84 
219.27 
220.65 

221.98 
223.27 
224.52 
225.73 
226.90 
228.05 
229.15 
230.23 
231.29 
232.31 

233.31 
234.28 
235.23 

Cv 

J/mol·K 

20.84 
20.84 
20;84 
20.83 
?o.&.<\ 

20.83 
20.83 
20.114 
20.84 
20.85 
20.86 
20.87 
20.88 
20.90 
20.91 

20.93 
20.98 
21.03 
21.09 
21.17 
21.25 
21.34 
21.44 
21.54 
21.65 

21.77 
21.89 
22.01 
22.14 
22.27 
22.40 

22.54 
22.67 

, 22.81 
22.94 

23.07 
23.40 
23.72 
24.03 
24.32 
24.60 
24.86 
25.10 
25.33 
25.55 

25.75 
25.94 
26.11 
26.28 
26.43 
26.57 
26.71 
26.83 
26.95 
27.06 

27.17 
27.26 
27.36 

Cp 

JJmol·K 

29.52 
29.48 
29.45 
29.42 
29.40 

29.38 
29.36 
29.::1'" 
29.34 
29.34 
29.33 
29.33 
29.34 
29.34 
29.35 

29.36 
29.39 
29.44 
29.49 
29.56 
29.63 
29.71 
29.81 
29.9] 
30.01 

30.12 
30.24 
30.36 
30.49 
30.62 
30.75 

30.88 
31.01 
31.14 
31.20 

31.41 
31.73 
32.05 
32.36 
32.65 
32.92 
33.18 
33.42 
33.65 
33.87 

34.07 
34.26 
34.43 
34.59 
34.75 
34.89 
35.02 
35.15 
35.27 
35.38 

35.48 
35.58 
35.67 

Velocity 
of sound 

m/s 

323. 
329. 
336. 
342. 
349. 

354. 
360. 
!1M 

371. 
377. 
383. 
388. 
393. 
399. 
404. 

409. 
419. 
428. 
438. 
447. 
456. 
465. 
473. 
482. 
490. 

498. 
506. 
513. 
521. 
528. 
535. 

542. 
549. 
556. 
c;u3. 

570. 
586. 
602. 
617. 
632. 
647. 
661. 
675. 
689. 
702. 

716. 
729. 
741. 
754. 
766. 
778. 
790. 
802. 
814. 
825. 

836. 
848. 
859. 
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Temper· 
ature 
kelvin 

1950 
:::000 

Density 
mol/l 

0.03697 
U.UiSbU4 

• 63.324 30.98689 
64 30.89751 
66 30.62688 

68 30.34715 

70 30.05839 
72 29.76070 

74 29.45455 
76 29.13988 
78 28.81687 
SO 28.48553 

82 28.14571 
84 27.79711 
86 27.43924 
88 27.07144 

90 26.69284 
92 26.30231 
94 25.89849 
96 25.47965 
98 25.04364 

100 24.58772 
• 100.385 24.49749 
• 100.385 L 17121 

102 1.13806 
104 1.10062 
106 1.06652 
108 1.03525 

110 1.00637 
112 0.97958 
114 0.95460 
116 0.93122 
118 0.90925 
120 0.88856 
122 0.06901 

124 0.85<)49 
126 0.83291 
128 0.81619 

130 0.80025 
132 0.78504 
134 0.77049 
136 0.75656 
138 0.74321 
140 0.73039 
142 0.71807 
144 0.70621 
146 0.69479 
148 0.68378 

150 0.67316 
155 0.64815 
160 0.62512 
165 0.60382 
170 0.58405 
175 0.56563 

Isotherm 
derivative 
I· bar/mol 

162.50 
Ibb.bb 

240.45 
231.36 
207.25 

186.70 

169.04 
153.72 

140.30 
128.43 
117.82 
108.23 

99.50 
91.46 
84.02 
77.07 

70.54 
64.39 
58.57 
53.03 
47.74 
42.69 
41.74 

5.35 
5.62 
5.93 
6.22 
6.51 

6.79 
7.05 
7.31 
7.57 
7.81 
8.06 
0.29 

8.53 
8.76 
8.98 

9.21 
9.43 
9.65 
9.86 

10.07 
10.28 
10.49 
10.70 
10.91 
lLll 

11.31 
11.81 
12.31 
12.79 
13.27 
13.75 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar'K 

0.0031 
O.UUiSU 

31.62 
30.78 
28.52 

26.54 

24.78 
23.21 

21.78 
20.47 
19.27 
19.16 

17.12 
16.15 
15.24 
14.37 

13.56 
12.78 
12.04 
11.32 
10.63 
9.97 
9.84 

0.1147 
0.1104 
0.1057 
0.1015 
0.0977 

0.0943 
0.0912 
0.0883 
0.0857 
0.0832 
0.0810 
0.0709 

0.0769 
0.0750 
0.0733 

0.0717 
0.0701 
0.0686 
0.0672 
0.0659 
0.0646 
0.0634 
0.0622 
0.0611 
0.0601 

0.0590 
0.0566 
0.0545 
0.0525 
0.0506 
0.0489 

Internal 
energy 
llmol 

46671.6 
4804S.8 

Enthalpy 
J/mo! 

62903.2 
64093.0 

8 bar Isobar 

-4209.4 
-4172.4 
-4061.5 

-3949.1 

-3835.7 
3721.8 

-3607.6 
-3493.1 
-3378.3 
-3263.3 

-3148.0 
-3032.2 
-2915.8 
-2798.6 

-2680.4 
-2561.0 
-2440.2 
-2317.5 
-2192.8 
-2065.5 
-2040.6 

1782.8 
1829.3 
1885.2 
1939.6 
1992.7 

2044.8 
2096.1 
2146.5 
2196.2 
2245.3 
2293.8 
2341.9 

2389.5 
2436.8 
2483.7 

2530.3 
2576.5 
2622.6 
2668.3 
2713.9 
2759.2 
2804.4 
2849.3 
2894.1 
2938.8 

2983.3 
3094.0 
3204.1 
3313.5 
3422.5 
3531.0 

-4183.6 
-4146.5 
-4035.4 

-3922.7 

-3809.1 
3695.0 

-3580.4 
-3465.6 
-3350.6 
-3235.2 

-3119.6 
-3003.4 
-2886.6 
-2769.0 

-2650.5 
-2530.6 
-2409.3 
-2286.1 
-2160.8 
-2032.9 
-2008.0 

2465.9 
2532.2 
2612.0 
2689.7 
2765.5 

2839.8 
2912.7 
2984.5 
3055.3 
3125.1 
3194.2 
3262.5 

3330.2 
3397.3 
3463.9 

3529.9 
3595.6 
3660.8 
3725.7 
3790.3 
3854.5 
3918.5 
3982.1 
4045.6 
4108.8 

4171.7 
4328.3 
4483.8 
4638.4 
4792.2 
4945.4 

Entropy 
J/mo!·K 

236.16 
237.07 

68.05 
68.63 
70.34 

72.03 

73.67 
75.28 

76.85 
78.38 
79.87 
8L33 

82.76 
84.16 
85.54 
86.89 

88.22 
89.54 
90.84 
92.14 
93.43 
94.72 
94.97 

139.55 
140.20 
140.98 
141.72 
142.43 

143.11 
143.77 
144.40 
145.02 
145.61 
146.19 
146.76 

147.31 
147.85 
148.37 

148.88 
149.38 
149.87 
150.36 
150.83 
151.29 
151. 74 
152.19 
152.62 
153.05 

153.48 
154.50 
155.49 
156.44 
157.36 
158.25 

C,. 
J/mo!·K 

27.44 
27.S2 

28.71 

28.50 
28.24 
27.97 
27'.70 

27.45 
27.22 
27.01 
26.83 

26.68 
26.54 
26.43 
26.33 
26.26 
26.20 
26.19 
23.63 
23.40 
23.15 
22.93 
22.74 

22.57 
22.42 
22.29 
22.17 
22.06 
21.97 
21.00 

21.80 
21.73 
21.67 

21.61 
21.56 
21.51 
21.47 
21.43 
21.39 
21.35 
21.32 
21.29 
21.27 

21.24 
21.18 
21.14 
21.10 
21.07 
21.04 

Cp 

J/mol'K 

35.76 
3S.84 

57.19 

57.34 
57.46 
57.58 
57.74-

57.95 
58.22 
58.58 
59.03 

59.59 
60.27 
61.09 
62.08 
63.26 
64.69 
65.00 
41.63 
40.50 
39.33 
38.35 
37.51 

36.79 
36.17 
35.62 
35.14 
34.72 
34.34 
34.00 

33.69 
33.41 
33.16 

32.93 
32.72 
32.53 
32.36 
32.19 
32.04 
31.90 
31.77 
31.65 
3i.54 

31.44 
31.21 
31.01 
30.84 
30.69 
30.56 

Velocity 
of sound 

m/s 

869. 
880. 

1016. 

1004. 
966. 
930. 
gQ7 

866. 
836. 
806. 
778. 

750. 
722. 
695. 
668. 
641. 
613. 
608. 
183. 
186. 
190. 
193. 
196. 

199. 
202. 
204. 
207. 
210. 
212. 
214. 

217. 
219. 
222. 

224. 
226. 
228. 
230. 
232. 
235. 
237. 
239. 
241. 
243. 

244. 
249. 
254. 
258. 
263. 
267. 



Temper· 
ature 
kelvin 

180 
185 
190 
195 

200 
2]0 
220 
230 
240 
250 
260 
270 
280 
290 

300 
3]0 

320 
330 
340 
350 
360 
370 
380· 
390 

400 
420 
440 . 
460 
480 
500 
520 

540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

1300 
1350 
1400 
1450 

'Density 
molll 

0.54842 
0.53230 
0,51716 

0.50290 

0.48946 
0.46472 
0.44246 
0.42233 
0.40401 
0.38726 
0.37188 
0.35772 
0.34461 
0.33246 

0.32115 
0.31060 

.0.30073 
0.29148 
0.28280 
0.27462 
0.26691 
0.25962 
0.25273 
0.:':4t>:.:U 

0.24000 
0.22850 
0.21806 
0.20854 
0.19983 
0.19182 
0.IS44~ 

0.17759 
0.17124 
0.16533 

0.15982 
0.15466 
0.14983 
0.14530 
0.14103 
0.13700 
0.13320 
0.J2960 
0.12620 
0.12297 

0.1l990 
0.I1.286 
0.10660 
0.10100 
0.09596 
0.09J40 
0.08725 
0.08346 
0.07999 
0.07680 

0.07385 
0.07112 
0.06858 
0.06622 

Isotherm 
derivative 
l·har/mol 

14.22 
14.69 
15.15 
15.61 

16.07 
16.98 
17.88 
lR.77 

19.65 
20.54 
21.41 
22.28 
23.15 
24.02 

24.88 
25.74 
26.60 
27.46 
28.31 
29.17 
30.02 
30.87 
31. 72 
32.57 

33.41 
35.10 
36.79 
38.48 
40.16 
41.84 
43.C.2 

45.20 
46.88 
48.55 . 

50.23 
51.90 
53.57 
55.25 
56.92 
58.59 
60.26 
61.93 
63.60 
65.27 

66.93 
71.10 
75.27 
79.44 
83.60 
87.76 
91.93 
96.09 

100.25 
104.41 

108.57 
1I2.73 
116.89 
]21.05 
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Thermodynamic properties of nitrogen-Continued 

Isoch-;'re 
derivative 

har·K 

0.0473 
0.0459 
0.0445 
0.0432 

0.0420 
0.0398 
0.0378 
0.0360 

0.0344 
0.0329 
0.0316 
0.0303 
0.0292 
0.028] 

0.0272 
0.0262 
0.0254 
0.0246 
0.0239 
0.0232 
0.0225 
0.0219 
0.0213 
0.0207 

0.0202 
0.0192 
0.0183 
0.0175 
0.0168 
0.0161 
0.0):;:; 

0.0149 
0.0143 
0.im8 

0.0]34 
0.0129 
0.0125 
0.0122 
0.01I8 
0.01I5 
0.0111 
0.0108 
0.0105 
0.0103 

0.0100 
0.0094 
0.0089 
0.0084 
0.0080 
0.0076 
0.0073 
0.0070 
0.0067 
0.0064 

0.0062 
0.0059 
0.0057 
0.0055 

Internal 
energy 
l/mol 

3639.1 
3746.9 
3854.4 
3961.6 

4068.6 
4282.0 
4494.7 
4706.9 

4918.5 
5129.8 
5340.8 
5551.4 
5761.9 
5972.2 

6182.3 
6392.2 
6602.1 
681I.9 
7021. 7 
7231.4 
7441.2 
7651.0 
7860.9 
8070.9 

8281.0 
8701.6 
9123.2 
9545.7 
9969.5 

10394.7 
10821.5 

11250. ] 
]]680.7 
12113.3 

12548.2 
12985.4 
13425.0 
13867.0 
14311.7 
14758.9 
15208.7 
15661.2 
16116.3 
16574.2 

17034.6 
18197.3 
19376.2 
20570.6 
21779.9 
23003.3 
24240.2 
25489.6 
26750.9 
28023.2 

29305.9 
30598.4 
31899.9 
33209.8 

Enthalpy 
l/mol 

5097.9 
5249.8 
5401.3 
5552.4 

5703.1 
6003.5 
6302.8 
6601.1 

6898.7 
7195.6 
7492.0 
7787.9 
8083.3 
8378.5 

8673.3 
8967.9 
9262.3 
9556.5 
9850.6 

10144.6 
10438.5 
10732.4 
11026.3 
11320.3 

11614.3 
12202.8 
12791.8 
13381.8 
13972.9 
14565.3 
15159.3 

15755.0 
16352.5 
16952.1 

17553.9 
1815.7.9 
18764.2 
19373.0 
19984.4 
20598.3 
21214.7 
21833.9 
22455.6 
23080.0 

23707.0 
25286.0 
26881.1 
28491.6 
30117.0 
31756.5 
33409.3 
35074.7 
36751.9 
38440.1 

40138.7 
41847.0 
43564.3 
45290.1 

Entropy 
l/mol'K 

159.1I 
159.94 
160.75 
161.53 

162.30 
163.76 
165.15 
166.48 

167.75 
168.96 
170.12 
171.24 
172.31 
173.35 

174.35 
175.31 
176.25 
177.15 
178.03 
178.88 
179.71 
180.52 
181.30 
182.07 

182.81 
184.25 
185.62 
186.93 
188.18 
189.39 
190.56 

191.68 
192.77 
193.82 

194.84-
195.83 
196.79 
197.73 
198.64 
199.53 
200.40 
201.25 
202.08 
202.89 

203.M 
205.60 
207.42 
209.16 
210.83 
212.43 
213.97 
215.45 
216.88 
218.25 

219.59 
220.88 
222.12 
223.34 

Cr 

J/mol·K 

21.01 
20.99 
20.97 
20.96 

20.94. 
20.92 
20.90 
20.S9 

20.87 
20.87 
20.86 
20.85 
20.85 
20.85 

20.R.<) 

20.85 
20.85 
20.85 
20.86 
20.87 
20.88 
20.89 
20.90 
20.92 

20.94 
20.98 
21.04 
21.10 
21.17 
21.25 
2Ul4 

21.44 
21.55 
21.66 

21.77 
21.89 
22.02 
22.14 
22.28 
22.41 
22.54 
22.67 
22.81 
22.94 

nils 
23.41 
23.73 
24.03 
24.32 
24.60 
24.86 
25.11 
25.33 
25.55 

25.75 
25.94 
26.11 
26.28 

Cp 

l/mol·K 

30.45 
30.34 
30.26 
30.18 

30.10 
29.98 
29.88 
20.79 

29.72 
29.66 
29.61 
29.57 
29.53 
29.50 

9()47 

29.45 
29.43 
29.4] 
29.40 
29.40 
29.39 
29.39 
29.39 
29.40 

29.41 
29.44 
29.47 
29.53 
29.59 
29.66 
29.74 
29.83 
29.93 
30.03 

30.14 
30.26 
30.38 
30.50 
30.63 
30.76 
30.89 
31.02 
31.15 
31.29 

31.4.2 

31.74 
32.06 
32.36 
3!U;'; 

32.93 
33.18 
33.43 
33.66 
33.87 

34.07 
34.26 
34.43 
34.60 

Velocity 
of sound 

mls 

271. 
275. 
279. 
283. 

287. 
295. 
302. 
300. 

316. 
323. 
329. 
336. 
342. 
348. 

.~54 

360. 
366. 
372. 
377. 
383. 
388. 
394. 
399. 
404. 

409. 
419. 
429. 
438. 
448. 
457. 
465. 
474. 
482. 
490. 

498. 
506. 
5]4. 
521. 
529. 
536. 
543. 
550. 
557'-
564. 

570. 

587. 
603. 
618. 
M1L 

648. 
6(\2. 
676. 
689. 
703. 

716. 
729. 
742. 
754. 
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812 

Temper· 
ature 
kelvin 

1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 
J!l5U 
2000 

Density 
mo!/! 

0.06402 
0.06196 
0.06003 
0.05821 
0.05650 
0.05489 

0.05337 
0.05193 
0.05056 
U.U4927 
0.04804 

* 63.368 30.98945 
64 30.90614 

66 30.63652 
68 30.35784 

70 

72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
102 

• 103.733 
• 103.733 

104 
106 
108 

110 
112 
114 
116 
liS 
120 

122 
124 
126 
12B 

130 
132 
134 

136 
138 
140 
142 

30.07010 

29.77377 
29.46877 
29.15541 
28.1133110 
28.50396 
28.16575 
27.81890 
27.46296 
27.09728 

26.72l05 
26.33321 
25.93244 
25.51712 
25.08522 
24.63417 
24.16064 
23.72881 

1.47217 
1.46435 
1.40973 
1.36098 

1.31696 
1.27688 
1.24009 
1.20613 
1.17459 
1.145J9 

1.11766 
1.09180 
1.06742 
1.04439 

1.02256 
1.00l84 
0.98212 
0.96332 
0.94537 
0.92820 
0.91176 

Isotherm 
derivative 
l'bar/mol 

125.21 
129.36 
133.52 
137.68 
141.84 
146.00 

150.15 
154.31 
158.47 
162.63 
l66.78 

240.51 
232.02 

207.90 
187.34 

160.68 

154.35 
140.93 
129.06 
1111 A-S 

108.87 
100.14 
92.11 
84.67 
77.73 

71.22 
65.08 
59.26 
53.74 
48.47 
43.43 
38.58 
34.53 
5.02 
5.07 
5.43 
5.77 

6.10 
6.40 
6.70 
6.99 
7.26 
7.53 

7.79 
8.05 
8.30 
S.J!j 

8. 79 
9.02 
9.26 
9.49 
9.71 
9.94 

10.16 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

0.0053 
0.0052 
0.0050 
0.0048 
0.0047 
0.0046 

0.0044 
0.0043 
0.0042 
0.0041 
0.0040 

31.54 
30.70 

28.50 
26.53 

21.78 

23.21 
21.79 
20.49 
19.29 

18.18 
17.15 
16.18 
15.27 
14.41 

13.60 
12.82 
12.08 
11.37 
10.69 
10.02 
9.38 
8.83 

0.1483 
0.1472 
0.1399 
0.1335 

0.1278 
0.1228 
0.1183 
0.]142 
0.]]05 
0.1071 

0.]039 
(/.1010 
0.0983 
0.0958 

0.0934 
0.0912 
0.089l 
0.0871 
0.0852 
0.0835 
0.0818 

Internal 
energy 
Jlmol 

34527.7 
35853.0 
37185.3 
38524.0 
39868.8 
41219.3 

42575.1 
43936.0 
45301.6 
46671.6 
48045.7 

Enthalpy 
J/mo] 

47023.7 
48764.8 
505l2.8 
52267.3 
54(127.9 
55794.1 

57565.7 
59342.3 
61123.6 
62909.3 
64699.2 

10 bar Isobar 

-4208.7 
-4174.2 

-4063.4 
-3951.2 

3B38.0 

-3724.3 
-3610.2 
-3495.9 
-3381.4 

-3266.6 
-3151.5 
-3036.0 
-2919.9 
-2803.0 

-2685.2 
-2566.2 
-2445.9 
-2323.8 
-2199.6 
-2073.1 
-1943.5 
-1828.4 

1786.8 
1795.2 
1856.3 
1915.2 

1972.2 
2027.6 
2081.8 
2134.8 
2186.8 
2238.1 

2288.5 
2338.4 
2387.6 
2436.4 

2484.7 
2532.5 
2580.0 
2627.1 
2673.9 
2720.5 
2766.7 

-4176.4 
-4141.8 

-4(130.8 
-3918.2 

3004.7 

-3690.7 
-3576.3 
-3461.6 
-3346.7 

-3231.5 
-3116.0 
-3000.1 
-2883.5 
-2766.1 

-2647.8 
-2528.3 
-2407.3 
-2284.6 
-2159.8 
-2032.5 
-1902.1 
-1786.3 

2466.1 
2478.1 
2565.7 
2649.9 

2731.5 
2810.8 
2888.1 
2963.9 
3038.2 
3JJL:I 

3183.3 
3254.3 
3324.5 
3395.9 

3462.6 
3530.7 
3598.2 
3665.2 
3731.7 
3797.8 
3863.5 

Entropy 
Jlmo]·K 

224.51 
225.65 
226.76 
227.84 
228.89 
229.92 

230.92 
231.89 
232.84 
233.77 
234.67 

68.06 
tJl:!.t>J 

70.31 
71.99 

73.64 

75.25 
76.81 
78.34 
79.83 

81.29 
82.72 
84.12 
85.49 
86.84 

88.17 
89.48 
90.78 
92.07 
93.36 
94.64 
95.93 
97.06 

138.06 
138.18 
139.01 
139.80 

140.55 
141.26 
141.95 
142.60 
143.24 
143.85 
144.45 
145.03 
145.59 
146.13 

146.67 
147.19 
147.69 
148.19 
148.68 
149.15 
149.62 

C,. 
J/mo]·K 

26.43 
26.58 
26.71 
26.84 
26.95 
27.06 

27.17 
27.27 
27.36 
27.44 
27.52 

28.79 
28.57 
28.31 
28.04 

27.76 
27.51 
27.28 
27.07 
26.88 

26.72 
26.59 
26.47 
26.37 
26.29 
26.23 
26.18 
26.16 
24.09 
24.04 
23.71 
23.43 

23.18 
22.97 
22.78 
22.61 
22.47 
22.33 
22.22 
22.11 
22.02 
21.!l3 

21.85 
21.78 
21.72 
21.66 
21.61 
21.56 
21.51 

C. 
J/mo)·K 

34.75 
34.89 
35.03 
35.15 
35.27 
35.38 

35.48 
35.58 
35.67 
35.76 
35.84 

57.13 
57.28 
57.39 
57.51 

57.66 
57.86 
58.12 
58.47 
58.90 

59.44 
lin 10 

60.90 
61.85 
62.99 
64.36 
66.02 
67.76 
45.04 
44.76 
42.91 
41.41 

40.18 
39.14 
38.26 
37.50 
36.84 
36.26 
35.75 
35.29 
34.89 
34.52 

34.19 
33.90 
33.63 
33.38 
33.15 
32.95 
32.75 

Velocity 
of sound 

m/s 

767. 
779. 
791. 
802. 
814. 
825. 

837. 
848. 
859. 
870. 
880. 

1046. 
1004. 
966. 
93l. 

898. 
867. 
837. 
808. 
780. 

752. 
725. 

698. 
671. 
644. 
617. 
589. 
565. 
183. 
184. 
187. 
191. 

194. 
197. 
200. 
203. 
206. 
209. 
212. 
214. 
217. 
219. 

222. 
224. 
226. 
228. 
231. 
23.3. 
235. 



Temper. 
ature 
kelvin 

144 
146 
148 

150 

155 
160 
165 
170 

175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 . 

330 
340 
350 
360 
370 

380 
390 

400 

420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

]000 

Density 
mol/l 

0.89599 
0.88085 
0.86629 

0.1152211 

0.81942 
0.78931 
0.76159 
o.nS96 

0.71216 
0.68999 
0.66927 
0.64986 
0.63162 

0.61445 
0.58293 
0.55466 
0.52913 
0.50595 
0.48479 
0.46540 
0.44754 
0.43]05 
0.41576 

0.40155 
0.38830 
0.37592 
0.36431 
0.35342 
0.34317 
0.33351 
0.32430 

0.31575 
0.30758 

0.29992 

0.28543 
0.27238 
0.26048 
0.24959 
0.23957 
0.23034 
0.22179 
0.21387 
0.20649 

0.19960 
0.19317 
0.18713 
0.18147 
0.17613 
0.17111 
0.16636 
0.16187 
0.15762 
0.'15359 

0.14975 
0.14096 
0.13315 
0.12616 
0.11986 

Isotherm 
derivative 
l·bar/mol 

10.38 
10.59 
10.81 

11.02 

11.54 
12.06 

12.56 
13.06 

13.55 
14.04 
14.52 
14.99 
15.46 

15.93 
16.86 
17.78 
18.68 
19.58 
20.48 
21.36 
22.25 
23.12 
24.00 

24.87 
25.74 
26.60 
27.47 
28.33 
29.18 
30.04 
30.90 

31.75 
32.60 

33.1.5 

35.15 
36.85 
38.54 
40.23 
41.91 
43.60 
45.28 
46.96 
48.64 

50.32 
51.99 
53.67 
55.34 
57.01 
58.69 
60.36 
62.03 
63.70 
65.37 

67.04 
71.21 
75.38 
79.55 
83.72 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0802 
0.0786 
0.0772 

0.075& 

0.0725 
0.0696 
0.0669 
0.0645 

0.0622 
0.0601 
0.0582 
0.0564 
0.0547 

0.0531 
0.0502 
0.0477 
0.0454 
0.0433 
0.0414 
0.0397 
0.0381 
0.0367 
0.0353 

0.0341 
0.0329 
0.0319 
0.0309 
0.0299 
0.0290 
0.0282 
0.0274 

0.0267 
0.0260 

0.0253 

0.0241 
0.0229 
0.0219 
(J.021O 
0.0201 
0.0193 
0.0186 
0.0179 
0.0173 

0.0167 
0.0162 
0;0157 
0.0152 
0.0148 
0.0143 
0.0139 
0.0135 
0.0132 
0.0128 

0.0125 
0.0118 
O.Olll 
0.0105 
0.0100 

Internal 
energy 
J/mol 

2812.8 
2858.6 
2904.2 

?949.1\ 

3062.3 
3174.2 
3285.2 
RRQ!U\ 

3505.4 
3614.6 
3723.5 
3832.0 
3940.1 

4047.9 
4262.8 
4476.8 
4690.0 
4902.7 
5114.9 
5326.7 
5538.1 
5749.2 
5960.0 

6170.7 
6381.2 
6591.5 
6801.8 
7012.0 
7222.1 
7432.2 
7642.4 

7852.6 
8062.9 

8273.2 

8694.4 
9116.4 
9539.4 
9963.5 

10389.1 
108]6.2 
11245.] 
11676.0 
12108.9 

12544.0 
]298].4 
13421.2 
13863.4 
14308.2 
]4755.6 
]5205.6 
]5658.2 
16113.5 
16571.4 

17032.0 
18195.0 
]9374.1 
20568.7 
21778.2 

Enthalpy 
J/mol 

3928.9 
3993.8 
4058.5 

41?'?'Q 

4282.7 
4441.1 
4598.2 
471\4.)\ 

4909.5 
5063.9 
5217.7 
5370.8 
5523.3 

5675.4 
5978.2 
6279.7 
6579.9 
6879.2 
7177.6 
7475.4 
7772.5 
8069.1 
8365.3 

8661.0 
8956.5 
9251.7 
9546.7 
9841.5 

10]36.1 
10430.7 
10725.1 

11019.6 
11314;1 

11608.6 

12197.9 
12787.7 
13378.4 
13970.2 
14563.2 
15157.7 
15753;8 
16351.8 
16951.8 

17553.9 
18158.3 
18765.0 
19374.1 
19985.7 
20599.8 
21216.6 
21835.9 
22457.9 
23082.4 

23709.7 
25289.1 
26884:5 
28495.4 
30121.1 

Entropy 
J/mol·K 

lSO.07 
1SO.52 
150.96 

l!;lRQ 

152.44 
153.45 
154.42 
155.35 
]56.25 
157.12 
]57.96 

158.78 
159.57 

160.34 
161.82 
163.22 
164.55 
165.83 
167.05 
168.21 
169.33 
170.41 
171.45 

172.46 
173.42 
174.36 
175.27 
176.15 
177.00 
177.83 
178.64 
]79.42 
180.19 

IBO.91 

182.37 
183.74 
185.06 
186.32 
187.53 
188.69 
189.82 
190.91 
191.96 

192.98 
193.97 
194.93 
195.87 
196.78 
197.67 
198.54 
199.39 
200.22 
201.03 

201.82 
203.74 
205.56 
207.31 
208.97 

Co 
J/mol·K 

21.47 
21.43 
21.40 

21::11\ 

21.29 
21.23 
21.18 
21.14 
21.10 
21.07 
21.05 
21.02 
2l.00 

20.98 
20.95 
20.93 
20.91 
20.90 
20.89 
20.88 
20.87 
20.86 
20.86 

20.86 
20.86 
20.86 
20.86 
20.87 
20.88 
20.89 
20.90 

20.91 
20.93 

20.95 

20.99 
21.04 
21.11 
2l.l8 
21.26 
21.35 
21.45 
21.55 
21.66 

21.78 
21.90 
22.02 
22.15 
22.28 
22.41 
22.54 
22.68 
22.81 
22.95 

23.08 
23.41 
23.73 
24.03 
24.33 

Cp 

. J/mol·K 

32.58 
32.41 
32.26 

32.12 
31.81 
31.55 
31.32 
3U3 
30.96 
30.81 
30.68 
30.56 
30.46 

30.37 
30.21 
30.08 
29.97 
29.88 
29.81 
29.74 
29.69 
29.64 
29.60 

29.56 
29.53 
29.51 
29.49 
29.47 

. 29.46 

29.45 
29.45 

29.45 
29.45 

29.46 

29.48 
29.51 
29.56 
29.62 
29.69 
29.76 
29.85 
29.95 
30.05 

30.16 
30.28 
30.39 
30.52 
30.64 
30.77 
30.90 
31.03 
31.16 
31.30 

31.43 
31.75 
32.06 
32.37 
32.66 

Velocity 
of sound 

mls 

237_ 

239. 
241. 

243. 
248. 
253. 
257. 
262. 
266. 
271. 
275. 
279. 
283. 

287. 
295. 
302. 
309. 
316. 
323. 
330. 
336. 
342. 
349. 

355. 
361. 
366. 
372. 
37B. 
383. 
389. 
394. 

399. 
405. 

1]0. 

.420. 
429. 
439. 
448. 
457. 
466. 
474. 
483. 
491. 

499. 
507. 
514. 
522. 
529. 
536. 
543. 
550. 
557. 
564. 

571. 
5B7. 
603. 
618. 
633. 
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Temper-
ature 
kelvin 

1050 
llOO 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
mol/l 

0.ll417 
0.10899 
0.10426 
0.09993 
0.09594 

0.09226 
0.08885 
0.08569 
0.08274 
0.07999 
0.07741 
0.07500 
0.07273 
0.07060 
0.06858 

0.06668 
0.06488 
0.06318 
0.06156 
0.06003 

• 63.478 30.99592 
64 30.92761 
66 30.66047 
68 30.38441 

70 30.09952 
72 29.80600 
74 20.50406 

76 29.19392 
78 28.87574 
80 28.54956 
82 28.21529 
84 27.87272 
86 27.52145 
88 27.16094 

90 26.79045 
92 26.40906 
94 26.01560 
96 25.60867 
98 25.18652 

100 24.74695 
102 24.28717 
104 23.80354 
106 23.29108 
108 22.74277 

lID 22.14800 
• lJU.illll ::!::!.021106 
• 11O.38J 2.28501 

II2 2.19534 
114 2.09999 
ll6 2.0J743 
118 1.94462 
]20 1.87954 
]22 1.8207] 
]24 1. 76708 

Isotherm 
derivati'lle 
)·barlmol 

87.88 
92.04 
96.21 

100.37 
104.53 

108.69 
112.85 
117.01 
121.17 
125.33 
129.49 
133.65 
137.80 
141.96 
146.12 

150.28 
154.44 
158.59 
162.75 
166.91 

240.68 
233.69 
209.54 
188.96 

171.27 
155.93 
112.50 

130.63 
120.02 
110.44 
10L72 

93.7J 
86.29 
79.37 

72.88 
66.77 
60.98 
55.49 
50.26 
45.26 
40.46 
35.84 
31.38 
27.03 

22.77 
21.96 

4.12 
4.5J 
4.95 
5.36 
5.74 
6.10 
6.45 
6.77 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
deri'llative 

bar·K 

0.0095 
0.0091 
0.0087 
0.0083 
0.0080 

0.0077 
0.0074 
0.0071 
0.0069 
0.0067 
0.0065 
0.0063 
0.0061 
0.0059 
0.0057 

0.0056 
0.0054 
0.0053 
0.0051 
0.0050 

31.33 
30.69 
28.46 
26.50 

24.77 
23.22 
:lUll 

20.52 
19.33 
18.23 
1791 

16.25 
15.35 
14.50 

13.69 
J2.93 
12.19 
11.49 
10.82 
JO.16 
9.53 
8.91 
8.30 
7.70 

7.09 
6.97 

0.2460 
0.2326 
0.2188 
0.2072 
0.1972 
0.1885 
0.1807 
0.1738 

Internal 
energy 
Jlmol 

23001.8 
24238.8 
25488.4 
26749.8 
28022.3 

29305.1 
30597.6 
31899.2 
33209.2 
34527.2 
35852.6 
37184.9 
38523.6 
39868.5 
41219.1 

42575.0 
43935.9 
45301.5 
46671.5 
48045.7 

Enthalpy 
J/mo) 

31760.8 
33413.8 
35079.4 
36756.8 
38445.1 

40143.9 
41852.3 
43569.7 
45295.6 
47029.3 
48770.5 
50518.6 
52273.1 . 
54033.8. 
55800.1 

57571.7 
59348.4 
61129.7 
62915.5 
64705.4 

IS bar Isobar 

-4207.0 
-4178.6 
-4068.2 
-3956.3 

-3843.6 
-3730.3 
·3616.7 

-3502.9 
-3388.9 
-3274.7 
-3160.2 
-3045.4 
-2930.0 
-2813.9 

-2697.0 
-2579.0 
-2459.8 
-2339.0 
-2216.3 
-2091.5 
-l964.J 
-1833.5 
-1699.0 
-1559.6 

-1413.9 
-1385.3 

1755.3 
1816.5 
1887.3 
1954.2 
2017.9 
2079.2 
2138.4 
2196.0 

-4158.6 
-4130. J 
-4019.3 
-3907.0 

-3793.7 
-3680.0 

3565.8 

-3451.5 
-3336.9 
-3222.2 
-3107.l 

-2991.5 
-2875.5 
-2758.7 

-2641.0 
-2522.2 
-2402.1 
-2280.4 
-2156.8 
-2030.9 
-1902.3 
-1770.4 
-1634.6 
-1493.7 

-1346.2 
-13J 7.2 

2411.8 
2499.8 
2601.6 
2697.7 
2789.3 
2877.3 
2962.3 
3044.9 

Entropy 
J/mo)-K 

210.57 
212.11 
213.59 
215.02 
216.40 

217.73 
219.02 
220.27 
221.48 
222.66 
223.80 
224.91 
225.99 . 
227.04 
228.06 

229.06 
230.03 
230.98 
231.91 
232.82 

68.09 
68.54 
70.24 
71.92 

73.56 
75.16 
76.73 

78.25 
79.74 
81.l9 
l!2.61 

84.00 
85.37 
86.71 

88.03 
89.34 
90.63 
91.91 
93.19 
94.46 
95.73 
97.01 
98.31 
99.62 

100.97 
J01.24 
135.02 
135.81 
136.71 
137.55 
138.33 
139.07 
139.77 
140.44 

C" 
J/mol·K 

24.60 
24.86 
25.11 
25.34 
25.55 

25.75 
25.94 
26.12 
26.28 
26.43 
26.58 
26.71 
26.84 
26.95 
27.06 

27.17 
27.27 
27.36 
27.44 
27.52 

28.97 
20.n; 

28.48 
28.20 
27.92 
27.65 
27.41 
27.19 
27.00 

26.84 
26.69 
26.57 
26.47 
26.38 
26.31 
26.25 
26.21 
26.19 
26.19 

26.21 
26.22 
25.20 
24.79 
24.37 
24.01 
23.71 
23.44 
23.21 
23.01 

C. 
J/mol·K 

32.93 
33.19 
33.43 
33.66 
33.87 

34.07 
34.26 
34.43 
34.60 
34.75 
34.89 
35.03 
35.15 
35.27 
35.38 

35.48 
3S.58 
35.67 
35.76 
35.84 

56.99 
::;7.12 

57.23 
57.33 
57.46 
57.61 

57.88 
58.20 
58.60 

59.10 
59.7] 
60.44 
61.31 
62.34 
63.58 
65.06 
66.85 
69.08 
71.93 

75.74 
76.6J 
56.22 
52.66 
49.35 
46.83 
44.83 
43.21 
41.86 
40.73 

Velocity 
of sound 

mls 

648. 
662. 
676. 
690. 
703. 

716. 
729. 
742. 
755. 
767. 
779. 
791. 
803. 
814. 
826. 

837. 
848. 
859. 
870. 
881. 

1046. 
1005. 

968. 
933. 
90 I. 
970. 

840. 
812. 
784. 

757. 
730. 
704. 
677. 
65I. 
625. 
598. 
571. 
544. 
SIS. 

485. 
479. 
181. 
185. 
189. 
J93. 
J97. 
200. 
204. 
207. 



Temper· 
sture 
kelvin 

126 
128 

130 
132 
134 
136 
138 
140 
142 
144 

. 146 
148 

ISO 
155 
160 
165 
170 
175 
180 
185 
190 

195 

200 
210 

220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
.q'l.O 

330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 

Density 
mol/} 

1. 71782 
1.67230 

1.63002 
1.59057 
1.55361 
1.51887 
1.48611 . 

1.45514 
1.42578 
1.39788 
1.37133 
1.34600 

1.32180 
1.26571 
1.21505 
1.16896 
1.12678 
1.08796 
1.05207 
1.01877 
0.911774 

0.95876 

0.93159 
0.88202 

0.83786 
0.79822 
0.76239 
0.72982 
0.70006 
0.67275 
0.64758 
0.6:"1130 

0.60271 
0.58260 
O.Fi1l3114 

0.54629 
0.52982 
0.51435 
0.49978 
0.48602 
0.47303 
0.46072 

0.44905 
0.42743 
0.40783 
0.38997 
0.37363 
0.35862 
0.34478 
0.33198 
0.320B 
0.30907 

0.29876 
0.28913 
0.28010 
0.27162 
0.26365 
0.25613 

Isotherm 
derivative 
I·bar/mol 

7.09 
7.39 

7.69 
7.97 
8.25 
8.52 
8.79 
9.05 
9.31 
9.56 
9.80 

10.05 

10.28 
10.87 
11.44 
11.99 
12.53 
13.06 
13.59 
14.10 
14.01 

15.11 

15.60 
10.58 

17.54 
18.48 
19.41 
20.34 
21.25 
22.16 
23.06 
23.95 

24.84 
25.73 
211.61 
27.49 
28.36 
29.24 
30.10 
30.97 
31.84 
32.70 

33.56 
35.27 
36.98 
38.69 
40.39 
42.09 
43.78 
45.47 
47.16 
48.85 

50.53 
52.22 
53.90 
55.58 
57.26 
58.93 
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Tbermodynamic properties of nitrogen-Continued 

lsocbore 
derivative 

bar'K 

0.1676 
0.1620 

0.1568 
0.1521 
0.1477 
0.]437 

0.1399 
0.1364 
0.1331 
0.1300 
0.1271 
0.1243 

0.1217 
0.1157 
0.1l04 
0.1056 
0.1013 
0.0974 
0.0939 
0.0906 
u.OIn::. 
0.0847 

0.0821 
0.0774 

0.0733 
0.0696 
0.0662 
0.0632 
0.0605 
0.0580 
0.0558 
0.0537 

0.0517 
0.0499 
0.0483 
0.0467 
0.0452 
0.0439 
0.0426 
0.0414 
0.0402 
0.0392 

0.0382 
0.0363 
0.0346 
0.0330 
0.0316 
0.0303 
0.0291 
0.0280 
0.0270 
0.0260 

0.0252 
0.0243 
0.0236 
0.0228 
0.0222 
0.0215 

Internal 
energy 
J/mol 

2252.1 
2307.0 

2360.8 
2413.8 
2465.8 
25]7.2 
2567.9 
2618.0 
2667.7 
2716.8 
2765.5 
2813.8 

2861.8 
. 2980.3 

3097.1 
3212.5 
3326.7 
3440.0 
3552.4 
3664.1 
3775.1 

3885.6 

3995.6 
4214.3 

4431.6 
4647.8 
4863.0 
5077.5 
5291.3 
5504.6 
5717.4 
5920.8 

6141.8 
6353.6 
6565.2 
6776.5 
6987.7 
7198.8 
7409.9 
7620.9 
7831.9 
8042.9 

8254.0 
8676.5 
9099.6 
9523.6 
9948.7 

10375.1 
10803.1 
11232.7 
11664.2 
12097.7 

12533.4 
12971.3 
13411.6 
13854.4 
14299.6 
14747.4 

Enthalpy 
J/mol 

3125.3 
3204.0 

3281.1 
3356.8 
3431.3 
3504.8 
3577.3 
3648.9 
3719.7 
3789.8 
3859.3 
3928.2 

3996.6 
4165.4 
4331.6 
4495.7 
4658.0 
4818.7 
4978.2 
5136.5 
5293.7 

5450.1 

5605.8 
5915.0 

6221.9 
6527.0 
6830.6 
7132.8 
7434.0 
7734.2 
8033.7 
8332.5 

8630.6 
8928.3 
9225.5 
9522.3 
9818.9 

10115.2 
10411.2 
10707.1 
11002.9 
11298.7 

11594.4 
12185.8 
12777.6 
13370.1 
13963.4 
14557.8 
15153.6 
15751.0 
10350.1 

16951.1 

17554.1 
18159.4 
18766.8 
19376.7 
19989.0 
20603.8 

Entropy 
l/mol·K 

141.09 
141.70 

142:30 
142.88 
143.44 
]43.99 
144.51 
145.03 
145.53 
146.02 
146.50 
146.97 

147.43 
148.54 
149.59 
150.60 
151.57 
152.50 
153.40 
154.27 
155.11 

155.92 

156.71 
158.22 

159.64 
161.00 
162.29 
163.53 
164.71 
165.84 
166.93 
16708 

168.99 
169.96 
170.91 
171.82 
172.71 
173.57 
174.40 
175.21 
176.00 
176.77 

177.52 
178.96 
180.34 
181.65 
182.92 
184.13 
185.30 
186.42 
Ui1.51 

188.57 

189.59 
190.58 
191.55 
192.49 
193.40 
194.29 

Cv 

J/mol·K 

22.83 
22.68 

22.54 
22.41 
22.30 
22.19 
22.10 
22.02 
21.94 
21.87 
21.80 
21.75 

21.69 
21.57 
21.48 
21.40 
21.33 

21.27 
21.22 
21.18 
21.15 

21.11 

21.09 
21.04 

21.01 
20.98 
20.96 
20.94 
20.92 
20.91 
20.90 
90QO 

20.89 
20.89 
20.89 
20.89 
20.90 
20.90 
20.91 
20.92 
20.93 
20.95 

20.97 
21.01 
21.06 
21.12 
21.19 
21.27 
21.36 
21.46 
21.::.6 

21.67 

21.79 
21.91 
22.03 
22.16 
22.29 
22.42 

Cp 

J/mol·K 

39.76 
38.92 

38.19 
37.55 
36.98 
36.47 
36.02 
35.61 
35.24-
34.90 
34.59 
34.31 

34.05 
33.49 
33.02 
32.63 
1I2.3U 

32.01 
31.77 
31.55 
31.36 

31.20 

31.05 
30.80 

30.60 
30.43 
30.29 
30.17 
30.07 
29.98 
29.91 
9Q 114 

29.79 
29.74 
29.70 
29.67 
29.64 
29.62 
29.60 
29.58 
29.58 
29.57 

29.57 
29.58 
29.60 
29.64 
29.69 
29.75 
29.83 
29.91 
110.00 
30.10 

30.21 
30.32 
30.43 
30.55 
30.68 
30.80 

Velocity 
of sound 

mls 

210. 
213. 

216. 
218. 
221. 
224. 
226. 
229. 
231. 
233. 
236. 
238. 

240. 
245. 
251. 
255. 
zoo. 
265. 
269. 
274. 
278. 

282. 

286. 
294. 

302. 
309. 
316. 
323. 
330. 
337. 
343. 
.~4Q. 

356. 
362. 
368. 
373. 
379. 
385. 
390. 
395. 
401. 
406. 

411. 
421. 
431. 
440. 
449. 
458. 
467. 
476. 
484. 
492. 

500. 
508. 
516. 
523. 
530. 
538. 
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Temper· 
ature 
kelvin 

720 
740 
760 
780 

AOO 

850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
molll 

0.24903 
0.24231 
0.23595 
0.22992 

0.22419 
0.21104 
0.19936 
0.18890 
0.17949 
0.17097 
0.16323 
0.15616 
0.14967 
0.14371 

0.13820 
0.13310 
0.12836 
0.12395 
0.11983 
0.11598 
0.11237 
0.10897 
0.10578 
0.10276 

0.09992 
0.09723 
0.09467 
0.09225 
0.08995 

• 63.587 31.00249 
M 30 Q4RQ3 

66 30.68424 
68 30.41076 

70 
72 

74 
76 
78 
80 
82 

84 
86 
88 

90 
92 
94 

96 
98 

]00 
102 
104 
106 
108 

30.12858 
29.83790 
29.53895 
29.23J97 
28.91713 
28.59451 
28.26406 
27.92562 
27.57886 
27.22329 

26.85829 
26.48301 
26.09647 
25.69740 
25.28430 
24.85529 
24.40801 
23.93946 
23.44565 
22.92108 

Isotherm 
derivative 
l·bar/mol 

60.61 
62.28 

" 63.96 
65.63 

67.30 
7.1.48 
75.66 
79.83 
84.00 
88.17 
92.34 
96.50 

100.67 
104.83 

108.99 
113.16 
117.32 
121.48 
125.64 
129.80 
133.96 
138.11 
142.27 
146.43 

150.59 
154.75 
158.90 
163.06 
167.22 

240.86 
n!; 35 

211.18 
190.57 

172.86 
157.51 
144.07 
132.19 
121.58 
112.0] 
103.30 
95.30 
87.90 
81.00 

74.54 
68.45 
62.69 
57.22 
52.02 
47.05 
42.30 
37.n 
33.33 
29.06 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0209 
0.0203 
0.0198 
0.0193 

0.0188 
0.0177 
0.0167 
0.0158 
0.0150 
0.0143 
0.0137 
0.0131 
0.0125 
0.0120 

0.0115 
0.0111 
0.0107 
0.0103 
0.0100 
0.0097 
0.0094 
0.0091 
0.0088 
0.0086 

0.0083 
0.0081 
0.0079 
0.0077 
0.0075 

31.13 
30"63 

28.41 
26.48 

24.76 
23.22 
21.83 
20.55 
19.38 
]8.29 
17.27 
16.32 
15.43 
14.59 

13.79 
13.03 
12.30 
11.61 
10.94 
10.30 
9.67 
9.06 
8.47 
7.88 

Internal 
energy 
J/mo} 

15197.8 
15650.7 
16106.4 
16564.6 

17025.5 
18189.2 
19368.9 
20564.0 
21774.0 
22998.1 
24235.5 
25485.4 
26747.1 
28019.8 

29302.9 
30595.7 
31897.5 
33207.7 
34525.9 
35851.4 
37183.9 
38522.8 
39867.8 
41218.5 

42574.5 
43935.5 
45301.2 
46671.4 
48045.7 

Enthalpy 
J/moI 

21221.1 
21841.0 
22463.5 
23088.6 

23716.3 
25296.8 
26893.1 
28504.8 
30131.2 
31771.5 
33425.1 
35091.2 
36768.9 
38457.7 

40156.8 
41865.5 
43583.2 
45309.3 
47043.4 
48784.7 
50533.0 
52287.7 
54048.5 
55815.0 

57586.7 
59363.5 
61145.0 
62930.8 
64720.9 

20 bar Jeobtu 

-4205.4 -4140.8 
-4182.9 -4119.3 

-4072.9 -4007.7 
-3961.4 -3895.7 

-3849.1 -3782.7 
-3736.2 -3669.2 
-3623.1 -3555.4 
-3509.8 -3441.3 
-3396.3 -3327.1 
-3282.6 -3212.7 
-3168.8 -3098.0 
-3054.5 -2982.9 
-2939.9 -2867.3 
-2824.6 -2751.1 

-2708.5 -2634.0 
-259].5 -2515.9 
-2473.3 -2396.6 
-2353.7 -2275.8 
-2232.4 -2153.3 
-2109.2 -2028.7 
-1983.7 -1901.7 
-1855.3 -1771.8 
-1723.6 -1638.3 
-1587.8 -1500.6 

Entropy 
J/mol·K 

195.16 
196.01 
196.84 
197.65 

198.45 
200.36 
202.19 
203.93 
205.60 
207.20 
208.74 
210.22 
211.65 
213.02 

214.36 
215.65 
216.90 
218.11 
219.28 
220.43 
221.54 
222.62 
223.67 
224.69 

225.69 
226.66 
227.61 
228.54 
229.45 

68.12 
69.47 

70.17 
71.84 

73.48 
75.08 
76.64 
78.16 
79.64 
81.09 
82.51 
83.89 
85.25 
86.59 

87.90 
89.20 
90.48 
91.76 
93.02 
94.28 
95.54 
96.80 
98.07 
99.36 

C,. 
J/mo!·K 

22:55 
22.69 
22.82 
22.95 

23.09 
23.41 
23.73 
24.04 
24.33 
24.61 
24.87 
25.11 
25.34 
25.55 

25.76 
25.94 
26.12 
26.28 
26.44 
26.58 
26.71 
26.84 
26.96 
27.07 

27.17 
27.27 
27.36 
27.45 
27.53 

29.16 
28.93 
28.65 
28.35 
28.06 
27.79 
27.54 
27.32 
27.12 

26.95 
26.80 
26.67 
26.56 
26.46 
26.39 
26.32 
26.28 
26.24 
26.23 

Cp 

J/mol·K 

30.93 
31.06 
31.19 
31.32 

31.45 
31.77 
32.08 
32.38 
32.67 
32.94 
33.20 
33.44 
33.67 
33.88 

34.08 
34.27 
34.44 
34.60 
34.76 
34.90 
35.03 
35.16 
35.27 
35.38 

35.49 
35.58 
35.67 
35.76 
35.84 

56.84 
56.97 
57.06 
57.16 
57.27 
57.43 
57.65 
57.94 
58.31 

58.77 
59.33 
60.00 
60.80 
61.75 
62.87 
64.19 
65.79 
67.73 
70.15 

Velocity 
of sound 

mls 

545. 
552. 
559. 
565. 

572. 
588. 
604. 
620. 
635. 
649. 
663. 
677. 
691. 
704. 

718. 
730. 
743. 
756. 
768. 
780. 
792. 
804. 
815. 
827. 

838. 
849. 
860. 
871. 
882. 

1047. 
1006. 
970. 
935. 
903. 
873. 
844. 
816. 
788. 

762. 
736. 
710. 
684. 
658. 
633. 
607. 
581. 
554. 
527. 



Temper. Density 
ature mol/l 
kelvin 

110 22.35789 
112 21. 74400 
114 21. 05936 

'* 115.574 20.44721 
.. 115.574 3.22968 

116 3.18103 
118 2.98712 
120 2.83274 
122 2.70426 
124 2.59417 
126 2.49787 
128 2.41233 

130 2.33541 
132 2.26557 
134 2.20166 
136 2.14278 
158 2.08825 

140 2.03744 
142 1.98996 
144 1.94540 
146 1.90345 

148 1.86384 

150 1.82633 
ISS L 74057 

160 1.66440 
165 1.59605 
170 1.53421 
175 1.47785 
180 1.42618 
185 1.37857 
190 1.33451 
195 1.29356 

200 1.25536 
210 1.186]] 
220 1.12486 
230 1.07017 
240 1.02099 
250 0.97645 
260 0.93590 
270 0.89879 
280 0.86467 
290 0.83319 

300 0.80403 
310 0.77693 
320 0.75167 
330 0.72807 
340 0.70597 

350 0.68521 
360 0.66567 
370 0.64726 
380 0.62986 

390 0.61340 

400 0.59780 
420 0.56892 
440 0.54276 
460 0.51894 
480 0.49716 
500 0.47717 
520 0.45874 

Isotherm 
derivative 
I'bar/mol 

24.90 
20.80 
16.71 
13.47 
3.14 
3.28 
3.89 
4.42 
4.90 
5.34 
5.75 
6.14 

6.51 
6.86 
7.19 
7.52 
7.83 

8.13 
8.43 
8.72 
9.00 

9.27 

9.54 
10.20 

10.82 
11.43 
12.02 
12.59 
13.15 
13.70 
14.23 
14.76 

15.29 
16.31 
17.31 
18.29 
19.26 
20.21 
21.15 
22.08 
23.01 
23.92 

24.83 
25.73 
26.63 
27.52 
28.41 

29.29 
30.17 
31.05 
31.93 

32.80 

33.67 
35.40 
37.13 
38.85 
40.56 
42.27 
43.97 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

7.29 
6.71 
6.10 
5.61 

0.3711 
0.3633 
0.3327 
0.3090 
0.2899 
0.2739 
0.2603 
0.2484 

0.2380 
0.2287 
0.2203 
0.2128 
0.20:59 

0.1996 
0.1937 
0.1883 
0.1833 

0.1786 

0.1743 
0.1644 

0.1559 
0.1484 
0.1417 
0.1357 
0.1303 
0.1254 
0.1208 
0.1167 

0.1129 
0.1060 
0.1000 
0.0947 
0.0900 
0.0858 
0.0820 
0.0785 
0.0753 
0.0724 

0.0697 
0.0673 
0.0650 
0.0628 
0.0608 

0.0590 
0.0572 
0.0556 
0.0540 

0.0525 

0.0512 
0.0486 
0.0463 
0.0442 
0.0423 
0.0405 
0.0389 

Internal 
energy 
J/mol 

-1446.7 
-1298.7 
-1141.0 
-1006.9 

1675.7 
1697.5 
1791.3 
1874.9 
1951.6 
2023.3 
2091.2 
2156.1 

2218.6 
2279.0 
2337.8 
2395.1 
24:51.1 

2506.1 
2560.0 
2613.2 
2665.6 

2717.3 

2768.4 
2893.8 

3016.5 
3137.0 
3255.7 
3372.8 
3488.7 
3603.4 
3717.3 
3830.3 

3942.6 
4165.4 
4386.2 
4605.4 
4823.2 
5040.1· 
5256.0 
5471.1 
5685.6 
5899.6 

6Il3.1 
6326.1 
6538.9 
6751.4 
6963.6 

7175.7 
7387.6 
7599.5 
7811.2 

8023.0 

8234.8 
8658.6 
9082.9 
9507.9 
9934.0 

10361.3 
10790.0 

Enthalpy 
J/mol 

-1357.3 
-1206.8. 
-1046.1 
-909.1 
2294.9 
2326.2 
2460.9 

2580.9 
2691.2 
2794.2 
2891.9 
2985.2 

3074.9 
3161.8 
3246.2 
3328.4 
3408.8 

3487.7 
3565.1 
3641.3 
3716.3 

3790.3 

3863.5 
4042.9 

4218.2 
4390.1 
4559.3 
4726.1 
4891.0 
5054.2 
5216.0 
5376.4 

5535.7 
5851.5 
6164.2 
6474.2 
6782.1 
7088.3 
7392.9 
7696.3 
7998.6 
8300.0 

8600.5 
8900.4 
9199.6 
9498.3 
9796.6 

10094.5 
10392.1 
10689.4 
10986.5 

11283.5 

11580.4 
12174.0 
12767.7 
13361.9 
13956.8 
14552.7 
15149.8 

Entropy 
J/mol·K 

100.67 
102.03 
103.45 
104.64 
132.35 
132.63 
133.78 
134.79 
135.70 
136.53 
137.32 
138.05 

138.75 
139.41 
140.04 
140.65 
141.24 

141.81 
142.36 
142.89 
143.41 

143.91 

144.40 
145.58 

146.69 
147.75 
148.76 
149.73 
150.66 
151.55 
152.41 
153.25 

154.05 
155.59 
157.05 
158.43 
159.74 
160.99 
162.18 
163.33 
164.43 
165.48 

166.50 
167.49 
168.44 
169.36 
170.25 

171.11 
171.95 
172.76 
173.55 

174.33 

175.08 
176.53 
177.91 
179.23 
180.49 
181. 71 
182.88 

Cv 

J/mol·K 

26.23 
26.26 
26.33 
26.43 
26.34 
26.18 
25.51 
24.98 
24.54 
24.18 
23.87 
23.60 

23.36 
23.16 
22.97 
22.81 
Z2.07 

22.54 
22.42 
22.31 
22.21 
22.13 

22.05 
21.1l7 

21.73 
21.62 
21.52 
21.44 
21.38 
21.32 
21.27 
21.23 

21.19 
21.13 
21.08 
21.04 
21.01 
20.99 
20.97 
20.96 
20.94 
20.93 

20.93 
. 20.92 

20.92 
20.92 
20.92 

20.93 
20.93 
20.94 
20.95 

20.97 

20.99 
21.03 
21.08 
21.14 
21.21 
21.29 
21.37 

C" 
J/mol·K 

73.27 
77.49 
83.61 
90.94 
74.90 
72.24 
63.14 
57.29 
53.16 
50.07 
47.65 
45.71 

44.11 
42.77 
41.63 
40.65 
39.80 

39.05 
38.38 
37.79 
37.26 

36.79 

36.36 
35.44 

34.70 
34.09 
33.59 
33.16 
32.80 
32.49 
32.21 
31.97 

31.76 
31.41 
31.12 
30.89 
30.70 
30.54 
30.40 
30.28 
30.18 
30.09 

30.02 
29.95 
29.90 
29.85 
29.81 

29.77 
29.74 
29.72 
29.70 

29.69 

29.68 
29.68 
29.69 
29.72 
29.77 
29.82 
29.89 

Velocity 
of sound 

mls 

498. 
468. 
435. 
407. 
179. 
180. 
185. 
190. 
195. 
199. 
202. 
206. 

209. 
213. 
216. 
219. 
222. 

224. 
227. 
230. 
232. 

235. 

237. 
243. 

248. 
254. 
259. 
264. 
268. 
273. 
277. 
282. 

286. 
294. 
302. 
310. 
317. 
324. 
331. 
338. 
344. 
350. 

357. 
363. 
369. 
374. 
380. 

386. 
391. 
397. 
402. 

407. 

412. 
422. 
432. 
442. 
451. 
460. 
469. 
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Temper· 
ature 
kelvin 

540 
560 
580 

600 
oZU 

640 
660 
680 
700 

720 
740 
760 
7S0 

800 
850 
(jon 
950 

1000 
1050 
1I00 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

• 63.696 
64 
66 
68 

70 
72 
74 
76 
78 
80 
82 
84 

86 
88 

90 

Density 
moll! 

0.44170 
0.42590 
0.41120 

0.39749 
0.38468 

0.37267 
0.36140 
0.35079 
0.84079 

0.33136 
0.32243 
0.31397 
0.20696 

0.29833 
0.28085 
O.?h!'i32 

0.25142 
0.23891 
0.22758 
0.21729 
0.20789 
0.19927 
0.19133 

0.18401 
0.17723 
0.17093 
0.16506 
0.15958 
0.15446 
0.14965 
0.14513 
0.14088 
0.13687 

0.13309 
0.12950 
0.12611 
0.12289 
0.11983 

31.00917 
30.97010 
30.70783 
30.43689 

30.15738 
29.86949 
29.57347 
29.26958 
28.95799 
28.63884 
28.31210 
27.91766 

27.63523 
27.28441 

26.92464 

Isotherm 
derivative 
!·bar/mo! 

45.67 
47.37 
49.06 

50.75 
52.44 

54.13 
55.82 
57.50 
59.18 

60.86 
62.54 
64.22 
66.()9 

67.57 
71.76 
7594 

80.12 
84.29 
88.46 
92.63 
96.80 

100.9i 
105.13 

109.30 
113.46 
117.62 
121. 78 
125.95 
130.]] 
134.27 
138.42 
142.58 
146.74 

150.90 
155.06 
159.22 
163.37 
167.53 

241.06 
237.02 
212.81 
192.18 

174.45 
159.08 
145.63 
133.74 
123.14 
113.57 
104.87 
96.B\I 

89.50 
82.62 

76.17 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0374 
0.0361 
0.0348 

0.0336 
0.0325 

0,0315 
0.0305 
0.0296 
0.0287 

0.0279 
0.0272 
0.0264 
0.0267 

0.0251 
0.0236 
0.0223 

0.0211 
0.0200 
0.0191 
0.0182 
0.0174 
0.0167 
0.0160 

0.0154 
0.0148 
0.0143 
0.0138 
0.0133 
0.0129 
0.0125 
0.0121 
0.0118 
0.0114 

0.0111 
0.OlO8 
0.0105 
0.0103 
0.0100 

30.93 
30.57 
28.37 
26.45 

24.75 
23.23 
21.84 
20.58 
19.42 
18.34 
17.33 
16.ilY 

15.51 
14.67 

13.88 

Internal 
energy 
J/mo! 

11220.3 
11()52.5 
12086.7 

12522.9 
12961.4 

13402.2 
13845.3 
}429) .0 
14789.Z 

15190.0 
15643.3 
16099.3 
16557.9 

17019.1 
18183.4 
19363.7 

20559.4 
21769.8 
22994.3 
24232.1 
25482.4 
26744.4 
28017.4 

29300.7 
30593.7 
31895.8 
33206.2 
34524.6 
35850.3 
37182.9 
38522.0 
39867.1 
41217.9 

42574.0 
43935.2 
45301.0 
46671.2 
48045.6 

Enthalpy 
J/mol 

15748.3 
16348.5 
16950.5 

17554.5 
18160.5 

18768.8 
19379.4 
19992.4 
20607.8 

21225.8 
21846.2 
22469.3 
23094.0 

23723.0 
25304.5 
26901.8 

28514.2 
30141.3 
31782.3 
33436.4 
35102.9 
36781.1 
38470.3 

40169.7 
41878.7 
43596.7 
45323.1 
47057.4 
48799.0 
50547.4 
52302.3 
54063.3 
55829.9 

57601.8 
59378.7 
61160.2 
62946.2 
64736.3 

25 bar Isobar 

-4203.6 -4123.0 
-4187.2 -4106.5 
-4077.5 -3996.1 
-3966.4 -3884,3 

-3854.5 -3771.6 
-3742.1 -3658.4 
-3629.4 -3544.8 
-3516.5 -3431.1 
-3403.6 -3317.2 
-3290.5 -3203.2 
-3177.1 -3088.8 
-31JtJ3.::' -29/4.Z 

-2949.5 -2859.1 
-2835.0 -2743.3 

-2719.7 -2626.9 

Entropy 
J/mol·K 

184.01 
185.10 
186.16 

187.18 
188.17 

189.14 
190;08 
190.99 
191.89 

192.76 
193.61 
194.44 
195.25 

196.05 
197.96 
199.79 

201.53 
203.20 
204.80 
206.34 
207.82 
209.25 
210.63 

211.96 
213.25 
214.50 
215.71 
216.89 
218.03 
219.14 
220.22 
221.27 
222.30 

223.30 
224.27 
225.22 
226.15 
227.06 

68.14 
68.40 
70.10 
71.77 

73.40 
75.00 
76.55 
78.07 
79.55 
80.99 
82.40 
B3:1I:I 

85.14 
86.47 

87.78 

Co 
J/mol·K 

21.47 
21.57 
21.68 

21.80 
21.92 

22.04 
22.17 
22.30 
22.4.'1 

22.56 
22.69 
22.83 
22.96 

23.09 
23.42 
23.74 

24.04 
24.34 
24.61 
24.87 
25.11 
25.34 
25.56 

25.76 
25.95 
26.]2 
26.29 
26.44 
26.58 
26.72 
26.84 
26.96 
27.07 

27.17 
27.27 
27.36 
27.45 
27.53 

29.34 
29.10 
28.81 
28.51 
28.21 
27.93 
21.1:)1 

27.44 
27.23 

27.05 

C. 
J/mo!·K 

29.97 
30.05 
30.15 

30.25 
30.36 

30.47 
30.59 
30.71 
30.83 

30.96 
31.09 
31.21 
31.34 

31.47 
31.79 
32.10 

32.40 
32.68 
32.95 
33.21 
33.45 
33.68 
33.89 

34.09 
34,2i 
34.45 
34.61 
34.76 
34.90 
35.04 
35.16 
35.28 
35.39 

35.49 
35.59 
35.68 
35.76 
35.84 

56.70 
56.82 
56.90 
56.99 
57.09 
57.23 
bi.43 

57.70 
58.04 

58.40 

Velocity 
of sound 

mls 

477. 
485. 
493. 

501. 
509. 

517. 
524. 
532. 
:;39. 

546. 
553. 
560. 
567. 

573. 
590. 
605. 

621. 
636. 
650. 
664. 
678. 
692. 
705. 

719. 
731. 
744. 
757. 
769. 
781. 
793. 
805. 
816. 
828. 

839. 
850. 
861. 
872. 
882. 

1048. 
1008. 
971. 
937. 
906. 
876. 
847. 
820. 
793. 

707. 



Temper· Density 
ature moll1 
kelvin 

92 26.55519 
94 26.17518 
96 25.78350 
98 25.37884 

100 24.95959 
102 21.52375 

104 24.06881 
106 23.59152 
loa 23.08754 

110 22.55085 
112 21.97268 
114 21.33942 
116 20.62802 
118 19.79380 

* 119.893 18.79339 
* 119.893 4.40675 

120 4.37948 
122 3.98539 
124 3.71363 
126 3.50458 
128 3.33432 

130 3.19062 
132 3.06634 
134 2.95690 
136 2.85918 
138 2.77098 
140 2.69065 
142 2.61695 
144 2.54891 
146 2.48577 
148 2.42689 

150 2.37177 

155 2.24781 
160 2.13985 
165 2.04450 
170 1.95932 

175 1.88252 
180 1.81275 
185 1.74894 
190 1.69027 
195 1.63606 

200 1.58576 
210 1.49513 
220 1.41553 
230 1.34488 
240 1.28163 
250 1.22458 
260 1.17281 
270 1.12556 
280 1.08224 
290 1.04233 

300 1.00544 
310 0.97121 
320 0.93936 
330 0.90963 
340 0.88181 
350 0.85571 
360 0.83117 
370 0.80805 

Isotherm 
derivative 
l·bar/mol 

70.10 
64.37 
58.93 
53.76 
48.82 
11.11 

39.58 
35.23 
31.03 

26.94 
22.95 
19.02 
15.10 
11.12 
7.19 

·2.09 
2.15 
2.97 
3.64 
4.22 
4.74 

5.21 
5.65 
6.07 
6.46 
6.83 
7.19 
7.53 
7.86 
8.18 
8.50 

8.80 

9.53 
10.22 
10.88 
11.51 

12.13 
12.73 
13.31 
13.88 
14.44 

]4.98 
16.05 
17.10 
18.11 
19.11 
20;09 
21.06 
22.02 
22.96 
23.89 

24.82 
25.74 
26.65 
27.56 
28.46 
29.36 
30.25 
31.14 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

13.13 
12.41 
11.72 
11.06 
10.43 

9.91 

9.21 
8.63 
8.05 

7.49 
6.92 
6.35 
5.75 
5.13 
4.45 

0.5416 
0.5370 
0.4714 
0.4274 
0.3945 
0.3683 

0.3468 
0.3286 
0.3129 
0.2992 
0.2870 
0.2762 
0.2664 
0.2574 
0.2493 
0.2418 

0.2349 

0.2197 
0.2067 
0.1956 
0.10[;9 

0.1773 
0.1696 
0.1627 . 
0.1564 
0.1506 

0.1454 
0.1360 
0.1279 
0.1209 
0.1146 
0.1090 
0.1040 
0.0995 
0.0954 
0.0916 

0.0881 
0.0849 
0.0820 
0.0792 
0.0767 
0.0743 
0.0720 
0.0699 

Internal 
energy 
Jlmol 

-2603.6 
-2486.4 
-2367.9 
-2248.0 
-2126.3 
-2002.1 

-1876.2 
-1746.9 
-1614.2 

-1477.0 
-1334.2 
-1183.9 
-1022.9 
-845.2 
-648.6 
1542.1 
]550.7 
]685.6 
1793.3 
1886.6 
1970.7 

2048.4 
2121.3 
2190.4 
2256.6 
2320.3 
2381.9 
2441.9 
2500.3 
2557.5 
2613.5 

2668.6 

2802.5 
2932.2 
3058.5 
3182.2 

3303.7 
3423.4 
3541.5 
3658.4 
3774.1. 

3888.9 
4116.0 
4340.4 
4562.7 
4783.3 
5002.6 
5220.6 
5437.7 
5653.9 
5869.4 

6084.3 
6298.7 
6512.7 
6726.3 
6939.6 
7152.6 
7365.4 
7578.1 

Enthalpy 
J/mol 

-2509.4 
-2390.9 
-2271.0 
-2149.5 
-2026.1 
-l!XlO.6 

-1772.3 
-1641.0 
-1505.9 

-1366.1 
-1220.4 . 
-1066.7 
-901.7 
-718.9 
-515.6 
2109.4 
2121.5 
2312.9 
2466.5 
2600.0 
2720.5 

2831.9 
2936.6 
3035.9 
3130.9 
3222.5 
3311.1 
3397.2 
3481.1 
3563.2 
3643.7 

37:::2.tl 

3914.7 
4100.5 
4281.3 
4458.2 

4631.7 
4802.5 
4971.0 
5137.4 
5302.2 

5465.4 
5788.1 
6106.5 
6421.6 
6734.0 
7044.1 

7352.2 
7658.8 
7963.9 
8267.9 

8570.8 
8872.8 
9174.1 
9474.7 
9774.7 

10074.2 
10373.2 

·10672.0 

Entropy 
Jlmol·K 

89.07 
90.34 
91.60 
92.86 
94.10 
96.36 

96.59 
97.84 
99.10 

100.39 
101.70 
103.06 
104.49 
106.06 
107.77 
129.65 
129.75 
131.34 
132.59 
133.65 
134.60 

135.47 
136.26 
137.01 
137.72 
138.38 
139.02 
139.63 
140.22 
140.79 
141.33 

14J.Htl 

143. ]2 
144.30 
145.42 
146.47 

147.48 
148.44 
149.36 
150.25 
15].11 

151.93 
153.51 
154.99 
156.39 
157.72 
15R9H 

160.19 
161.35 
162.46 
163.53 

164.55 
165.54 
166.50 
167.43 
168.32 
169.19 
170.03 
170.85 

Cr 

J/mol·K 

26.90 
26.76 
26.64 
26.55 
26.46 
26.39 

26.34 
26.29 
26.27 

26.26 
26.27 
26.31 
26.40 
26.56 
26.85 
27.63 
27.56 
26.55 
25.82 
25.25 
24.78 

24.40 
24.07 
23.78 
23.54 
23.32 
23.13 
22.96 
22.81 
22.67 
22.55 

<!<!.43 

22.20 
22.01 
21.85 
21.73 

21.62 
21.53 
21.46 
21.39 
21.34 

21.29 
21.22 
21.16 
21.11 
21.07 
501.04 

21.02 
21.00 
20.98 
20.97 

20.96 
20.95 
20.95 
20.95 
20.95 
20.95 
20.96 
20.96 

Cp 

J/mol·K 

58.98 
59.60 
60.33 
61.20 
62.21 
63.41 

64.83 
66.54 
68.62 

71.24 
74.65 
79.31 
86.20 
97.72 

120.49 
114.11 
111.1\5 

83.98 
70.94 
63.08 
57.75 

53.86 
50.88 
48.52 
46.60 
45.00 
43.65 
42.49 
41.49 
40.61 
39.84 

39.15 
37.73 
36.63 
35.74 
35.02 

34.42 
33.91 
33.48 
33.11 
32.79 

32.51 
32.04 
31.67 
::11.36 
31.12 
30.91 

30.73 
30.58 
30.45 
30.34 

30.25 
30.16 
30.09 
30.03 
29.97 
29.93 
29.89 
29.86 

Velocity 
of sound 

m/s 

741. 
715. 
690. 
665. 
640. 
615. 

590. 
564. 
538. 

511. 
483. 
452. 
419. 
382. 
339. 
176. 
171\. 

]83. 
189. 
194. 
199. 

203. 
207. 
210. 
214. 
217. 
220. 
223. 
226. 
229. 
232. 

234. 
240. 
246. 
252. 
251. 

263. 
267. 
272. 
277. 
281. 

286. 
294. 
302. 
310. 
317. 
325. 

332. 
338. 
345. 
R51. 

358. 
364. 
370. 
376. 
381. 
387. 
392. 
398. 
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Temper· 
ature 
kelvin 

380 
390 

400 
420 
440 

460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
'IoU 

780 

800 
850 

900 
950 

1000 

1050 
1100 

1150 
1200 
1250 

1300 
1350 
1400 

1450 

1500 

1550 
1600 
1650 

1700 

1750 

1800 

1850 
190(1 

J950 
2000 

Density 
molll 

0.78623 
0.76560 

0.74605 
0.70989 
0.67717 
0.64739 
0.62018 
0.59521 
0.57220 
0.55094 
0.53122 
0.51289 

0.49579 
0.47981 
0.46484 
0.45079 
0.43756 
0,42510 
0.4J3M 
0.40221 
U.,Wlol 

0.38168 

0.37218 
0.35040 

0.33104 
0.31372 
0.29812 
0.2840] 
0.27118 
0.25946 
0.24871 
0.2~!Ul2 

0.22969 
0.22124 
0.2133H 
0.20606 
0.19923 
0.19284 
0.18685 
0.18121 
0.17591 
O. i/091 

0.16619 
0.16172 
0.15748 
0.15346 
0.14964 

• 63.805 31.01595 
64 30.99113 
66 30.73123 
68 :30.46280 

70 

72 
30.18591 
29.90076 

Isotherm 
derivative 
I·bar/mol 

32.02 
32.91 

33.78 
35.53 
37.27 
39.01 
40.73 
42,45 
44.16 
45.87 
47.58 
49.28 

50.98 
52.67 
54.37 
56.06 
57.74 
59.43 
61.11 
62.80 
04.48 

66.16 

67.84 
72.03 

.76.22 
80,40 
84.58 
88.76 
92.93 
97.10 

101.27 
105.1,1 

109.60 
11.3.77 
117.9~ 

122.09 
126.25 
130,42 
134.58 
138.H 
142.89 
147.05 

151.21 
155.37 
159.5.3 
163.69 
167.84 

241.26 
238.68 
214.45 
193.79 

176.04 
160.65 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0679 
0.0661 

0.0643 
0.0610 
0.0581 
0.0555 
0.0530 
0.0508 
0.0488 
0.0469 
0.0452 
0.0436 

0.0421 
0.0407 
0.0394 
0.0382 
0.0370 
0.0360 
0.0349 
0.0340 
V.U331 

0.0322 

0.0314 
0.0295 

0.0279 
0.0264 
0.0251 
0.0239 
0.0228 
0.0218 
0.0209 
0.0200 

0.0192 
0.0185 
0.0179 

0.0173 
0.0167 
0.0161 
0.0156 
0.0152 
0.0147 
0.0143 

0.0139 
0.0135 
0.0132 
0.0128 
0.0125 

30.74 
30.51 
28.32 
26.42 

24.74 
23.23 

Internal 
energy 
llmol 

7790.7 
8003.2 

8215.7 
8640.8 
9066.2 
9492.3 
9919.3 

10347.4 
10777.0 
11208.0 
11640.9 
12075.6 

12512.5 
12951.4 
13392.7 
13836.4 
14282.5 
14731.1 
J5J82.2 
15635.9 
loU!!:.!.:.! 

16551.1 

17012.6 
18177 .• 

19358.5 
20554.8 
21765.7 
22990.6 
24228.7 
25479.3 
26H1.7 
22015.0 

29298.6 
30591.8 
ilTR94.T 

33204.7 
34523.2 
35849.1 
37181.9 
38521.1 
39866.4 
41217.3 

42573.6 
43934.8 
45300.8 
46671.1 
48045.6 

Enthalpy 
llmol 

10970.4 
11268.6 

11566.7 
12162.4 
12758.1 
13353.9 
13950.4 
14547.7 
15146.0 
15745.8 
16347.0 
16950.0 

17554.9 
18161.8 
J8770.9 
19382.2 
19995.9 
20612.0 
21230.5 
21851.5 
:.!:!4 I::>. 1 

23 lOLl 

23729.7 
25312.3 

26910.5 
28523.7 
30151.5 
31793.0 
33447.7 
35114.7 
36793.4 
3S19!l.9 

40182.7 
41892.0 
431110 .. " 
45336.9 
47071.4 
48813.2 
50561.9 
523J6.9 
54078.0 
55844.8 

57616.8 
59393.8 
61175.5 
62961.6 
64751.8 

30 bar Isobar 

-4201.9 -4105.2 
-4191.4 -4094.6 
-4082.1 -3984.5 
-3971.4 -3872.9 

-3859.8 -3760.5 
-37-1-7.8 -3647.5 

Entropy 
J/mol·K 

171.65 
172.42 

173.18 
174.63 
176.01 
177.34 
178.61 
179.83 
181.00 
182.13 
183.23 
184.28 

185.31 
186.30 
187.27 
188.21 
189.13 
190.02 
190.89 
191.74 
19:.1.;:)/ 

193.39 

194.18 
190.10 
197.93 
199.67 
201.34 
202,94 
204.48 
205.97 
207.39 
!lOS.?? 

21O.ll 
211.40 
212.115 
213.86 
215.03 
216.18 
217.29 
218.37 
219.42 
220.44 

221.44 
222.42 
223.37 
224.29 
225.20 

68.17 
68.33 
70.03 
71.69 

73 .. 32 
74.9J 

C,. 
J/mol·K 

20.98 
20.99 

21.00 
21.04 
21.09 
21.15 
21.22 
21.30 
21.39 
21.48 
21.58 
21.69 

21.81 
21.93 
22.05 
22.17 
22.30 
22.43 
22.S7 
22.70 
22.83 

22.97 

23.10 
23.43 

23.74 
24.05 
24.34 
24.62 
24.87 
25.12 
25.35 
25.56 

25.76 
25.95 
211.12 
26.29 
26.44 
26.58 
26.72 
26.84 
26.96 
27.07 

27.17 
27.27 
27.36 
27.45 
27.53 

29.51 

C. 
J/mol·K 

29.83 
29.81 

29.80 
29.78 
29.79 
29.81 
29.84 
29.89 
29.95 
30.02 
30.11 
39.20 

30.29 
30.40 
30.51 
30.62 
30.74 
30.86 
30.99 
31.11 
31.24 

31.37 

31.49 
31.81 

32.12 
32.41 
32.70 
32.96 
33.22 
33.46 
33.68 
33.90 

34.09 
34.28 
:~4.4S 

34.61 
34.76 
34:91 
35.04 
35.16 
35.28 
35.39 

35.49 
35.59 
35.68 
35.76 
35.84 

56.56 

Velocity 
of sound 

mls 

403. 
408. 

414. 
424. 
433. 
443. 
452. 
461. 
470. 
478. 
487. 
495. 

503. 
51!. 
518. 
526. 
533. 
540. 
547. 
554. 
561. 

568. 

575. 
591. 

607. 
622. 
637. 
651. 
666. 
679. 
693. 
706. 

720. 
732. 
74S 

758. 
no. 
782. 
794. 
805. 
817. 
828. 

840. 
851. 
862. 
873. 
883. 

1048. 



Temper· Density 
ature mol/l 
kelvin 

74 29.60762 
76 29.30674 
78 28.99835 
80 28.68256 
82 28.35943 
81 21l.028B5 

86 27.69061 
88 27.34435 

90 26.9B959 

92 26.62569 
94 26.25186 
9625.86715 
98 25.47040 

100 25.06021 
102 24.63488 
104 24.1923] 
106 23.72981 
108 23.24390 

110 22.72990 
112 22.18123 
114 21. 58824 
P6 20.93579 
118 20.19790 
120 19.32330 
122 18.18128 

• 123.607 16.70296 
• 123.607 6.11671 

124 5.83858 
126 5.05687 
128 4.61994 

130 4.31088 
132 4.07084 

134 3.87448 
136 3.70840 
138 3.56458 
110 3.137B7 

142 3.32470 
144 3.22256 
146 3.12953 
148 3.04420 

ISO 2.96544 
155 2.79184 
160 2.64415 
165 2.51602 
170 2.40318 
175 2.30262 
180 2.21213 
185 2.13005 
190 2.05510 
195 1.98626 

200 1.92270 
210 1.80894 
220 1.70973 
230 1.62218 
240 1.54416 
250 1.47408 
260 1.41067 
270 1.35297 
280 1.30018 

Isotherm 
derivative 
l·har/mol 

147.19 
135.30 
124.69 
115.13 
106.44 

011.46 

91.09 
84.22 

77.80 

71.75 
66.04 
60.62 
55.47 
50.57 
45.88 
41.40 
37.09 
32.94 

28.92 
25.02 
21.19 
17.43 
13.67 
9.88 
5.95 
2~47 

0.97 
1.26 
2.32 
3.10 

3.76 
4.34 

4.86 
5.34 
5.79 
6.21 

6.61 
7.00 
7.36 
7.72 

8.06 
8.86 
9.62 

10.34 
11.02 
11.68 
12.32 
12.94 
13.54 
14.12 

14.70 
15.82 
16.90 
17.95 
18.98 
19.99 
20.98 
21.96 
22.92 
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Thermodynamic properties of nilrogen-Continued . 

Isochore 
derivative 

har·K 

21.86 
20.61 
19.46 
18.39 
17.39 
16.46 

15.58 
14.76 

13.97 

13.23 
12.52 
11.84 
lLl8 
10.55 
9.95 
9.36 
8.78 
8.22 

7.66 
7.12 
6.57 
6.01 
5.43 
4.81 
4.10 
3.33 

0.8104 
0.7625 
0.6289 
0.5558 

0.5053 
0.4()70 

0.4364 
0.4111 . 
0.3896 
0.3711 

0.3548 
0.3404 
0.3275 
0.3159 

0.3053 
0.2825 
0.2637 
0.2479 
0.2343 
0.2224 
0.2120 
0.2026 
0.1942 
0.1866 

0.1797 
0.1675 
0:1571 
0.148] 
0.1401 
0.1331 
0.1267 
0.12]] 
0.1l59 

Internal 
energy 
llmol 

-3635.6 
-3523.2 
-3410.7 
-3298.1 
-3185.4 
-3072.4 

-2959.0 
-2845.2 

-2730.7 
-2615.4 
-2499.2 
-2381.8 
-2263.0 
-2142.7 
-2020.5 
-1896.1 
-1769.1 
-1639.0 

-1505.1 
-1366.6 
-1222.1 
-1069.5 

-905.4 
-722.7 
-504.2 
-254.3 
1311.4 
1375.2 
1580.6 
1718.6 

1830.2 
1927.1 

2014.5 
2095.0 
2170.5 
2242.0 
2310.4 
2376.1 
2439.6 
2501.2 

2561.3 
2705.7 
2843.7 
2976.9 
3106.3 
3232.6 
3356.5 
3478.4 
3598.5 
3717.1 

3834.5 
4066.1 
4294.3 
4519.9 
4743.3 
4965.0 
5185.2 
5404.2 
5622.2 

Enthalpy 
l/mol 

-3534.3 
-3420.8 
-3307.3 
-3193.5 
-3079.6 
-2065.3 

-2850.7 
-2735.4 

-26]9.5 

-2502.7 
-2384.9 
-2265.8 
-2145.2 
-2023.0 
-1898.7 
-1772.1 
-1642.6 
-1509.9 

-1373.2 
-1231.4 
-1083.2 
-926.2 
-756.8 
-567.5 
'-339.2 
-74.7 

1801.8 
1889.0 
2173.9 
2367.9 

2526.1 
2664.1 

2788.8 
2904.0 
3012.1 
3114.7 
3212.7 
3307.0 
3398.2 
3486.7 

3572.9 
3780.2 
3978.3 
4169.2 
4354.6 
4535.5 
4712.7 
4886.8 
5058.3 
5227.5 

5394.8 
5724.5 
6049.0 
6369.3 
6686.1 
7000.2 
7311.9 
7621.6 
7929.6 

Entropy 
J!mol·K 

76.47 
77.98 
79.45 
.80.89 
82.30 
93.68 

85.03 
86.35 

97.65 
88.94 
90.20 
91.% 
92.70 
93.93 
95.17 
96.39 
97.63 
98.87 

100.12 
101.40 
102.71 
104.08 
105.52 
107.11 
109.00 
llLl5 
126.33 
127.04 
129.32 
130.85 

132.07 
133.13 

134.06 
134.92 
135.71 
186.44 

137.14 
137.80 
138.43 
139.03 

139.61 
140.97 
142.23 
143.40 
144.51 
145.56 
146.55 
147.51 
148.42 
149.30 

150.15 
151.76 
153.27 
154.69 
156.04 
157.32 
158.55 
159.71 
160.83 

C. 
. l/mol·K 

29.26 
28.97 
28.66 
28.35 
28.06 
27.S0 
27.56 
27.35 

27.16 

27.00 
26.85 
26.73 
26.62 
26.53 
26.46 
26.40 
26.35 
26.31 

26.29 
26.28 
26.30 
26.35 
26.45 
26.63 
27.00 
27.70 
29.19 
28.75 
27.33 
26.43 

25.75 
25.22 

24.78 
24.40 
24.09 
23.01 

23.57 
23.36 
23.17 
23.01 

22.86 
22.54 
22.30 
22.10 
21.94 
21.80 
21.69 
21.60 
21.52 
21.45 

21.40 
21.30 
21.23 
21.17 
21.13 
21.09 
21.06 
21.04 
21.02 

Cp 

J!mol·K 

56.67 
56.75 
56.82 
56.91 
57.04 

.57.22 

57.46 
57.77 

S!l.16 

58.64 
59.21 
59.89 
60.69 
61.61 
62.70 
63.97 
65.48 
67.30 

69.54 
72.35 
76.05 
81.16 
88.82 

101.90 
131.22 
226.24 
253.26 
196.75 
111.32 
86.10 

73.25 
05.26. 

59.75 
55.69 
52.56 
50.0() 
48.03 
46.33 
44.89 
43.66 

42.59 
40.45 

38.84 
37.59 
36.60 
35.78 
35.11 
34.54 
34.06 
33.65 

33.28 
32.69 
32.22 
31.84 
31.54 
31.28 
31.06 
30.88 
30.72 

Velocity 
of sound 

m/s 

1009. 
973. 
939. 
908. 
879. 
BSl. 

823. 
797. 

77L 
.74(>. 
721. 
696. 
672. 
647. 
623. 
598. 
574. 
548. 

523. 
496. 
468. 
438. 
405. 
367. 
321. 
268. 
173. 
175. 
184. 
]90. 

195. 
200. 

205. 
209. 
212. 
21(). 

219. 
223. 
226. 
229. 

231. 
238. 
245. 
25l. 
256. 
262. 
267. 
272. 
277. 
281. 

286. 
294. 
303. 
310. 
318. 
325. 
332. 
339. 
346. 
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Temper· 
ature 
kelvin 

290 

300 

310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 

740 
760 
780 

800 
850 
900 
950 

1000 
1050 
lIUU 

1150 
1200 
1250 

1300 
1350 
1400 
1450 

1500 
1550 
]600 
1650 
1700 
1750 

1000 

1850 
1900 
1950 
2000 

Density 
molll 

1.25166 

1.20688 

1.16540 
1.12685 
1.09090 
1.05730 
1.02581 
0.99623 
0.96838 
0.94211 
0.91729 

0.89378 
0.85033 
0.81104 
0.77531 
0.74267 
0.71273 
0.68517 
0.65969 
0.63608 
0.61412 

0.59366 
0.57453 
0.55661 
0.53979 
0.52397 
0.50906 
0.49498 
0.48167 
0.46906 
0.45710 

0.44574 
0.41968 
0.39652 
0.37579 
0.35714 
0.34025 
0.3249U 

0.31087 
0.29801 
0.28618 

0.27525 
0.26513 
0.25572 
0.24696 

0.23879 
0.23113 
0.22396 
0.21721 
0.21086 
0.20488 

0.19922 

0.19387 
0.18879 
0.]8398 
0.17941 

Isotherm 
derivative 
I·bar/mol 

23.88 

24.82 
25.76 
26.69 
27.61 

28.52 
29.43 
30.33 
31.23 
32.13 
33.02 

33.91 
35.67 
37.43 
39.17 
40.91 
42.64 
44.36 
46.08 
47.79 
49.50 

51.20 
52.90 
54.60 
56.30 
57.99 
59.68 
61.37 
63.06 
64.74 
66.43 

68.11 
72.31 
76.50 
80.69 
84.87 
89.05 
93.23 

97.40 
101.57 
105.74 

109.91 
114.07 
118.24 
122.40 

126.56 
130.73 
134.89 
139.05 
143.21 
147.37 

1~1.~2 

155.68 
159.84 
164.00 
168.16 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.ll12 

0.1069 
0.1029 
0.0993 
0.0959 
0.0927 

0.0898 
0.0870 
0.0844 
0.0820 
0.0797 

0.0776 
0.0736 
0.0700 
0.0668 
0.0639 
0.0612 
0.0587 
0.0565 
0.0544 
0.0524 

0.0506 
0.0489 
0.0474 
0.0459 
0.0445 
0.0432 
0.0420 
0.0408 
0.0397 
0.0387 

0.0377 
0.0355 
0.0335 
0.0317 
0.0301 
0.0286 
0.0273 

0.0261 
0.0250 
0.0240 

0.0231 
0.0222 
0.0214 
0.0207 

0.0200 
0.0194 
0.0188 
0.0182 
0.0177 
0.0171 

0.0167 

0.0162 
0.0158 
0.0154 
0.0150 

Internal 
energy 
llmol 

5839.3 

6055.7 
6271.4 
6486.6 
6701.3 
6915.6 
7129.6 
7343.4 
7556.9 
7770.2 
7983.5 

8196.7 
8623.0 
9049.6 
9476.7 
9904.7 

10333.7 
10764.0 
11195.8 
11629.3 
12064.7 

12502.0 
12941.6 
13383.3 
13827.4 
14274.0 
14723.0 
15174.5 
15628.5 
16085.2 
16544.4 

17006.2 
18171.9 
19353.4 
20550.1 
21761.5 
22986.9 
2422:>.4 

25476.3 
26739.0 
28012.6 

29296.4 
30589.9 
31892.4 
33203.2 

34521.9 
35848.0 
37180.9 
38520.3 
39865.7 
41216.8 

42::;73.1 

43934.5 
45300.5 
46670.9 
48045.5 

Enthalpy 

J/mol 

8236.1 

8541.4 
8845.6 
9148.9 
9451.3 
9753.0 

10054.1 
10354.7 
10654.8 
10954.6 
11254.0 

11553.2 
12151.1 
12748.6 
13346.2 
13944.1 
14542.8 
15142.5 
15743.4 
16345.7 
16949.7 

17555.5 
18163.2 
18773.1 
19385.1 
19999.5 
20616.2 
2]235.3 
21856.9 
22480.9 
23107.5 

23736.5 
25320.2 
26919.2 
28533.2 
30]61.7 
31803.8 
33459.U 

35126.5 
36805.6 
38495.5 

40195.7 
41905.3 
43623.8 
45350.7 

47085.5 
48827.5 
50576.3 
52331.6 
54092.8 
55859.7 

57631.9 

59409.0 
61190.8 
62977.0 
64767.3 

Entropy 

J/mol·K 

161.91 

162.94 
163.94 
164.91 
165.84 
166.74 
167.61 
168.46 
169.28 
170.08 
170.86 

171.61 
173.07 
174.46 
175.79 
177.06 
178.28 
179.46 
180.59 
181.69 
182.75 

183.78 
184.77 
185.74 
186.68 
187.60 
188.49 
189.36 
190.22 
191.05 
191.86 

192.66 
194.58 
196.41 
198.15 
199.82 
201.42 
202.95 

204.45 
205.88 
207.26 

208.59 
209.88 
21Ll3 
212.S4 

213.52 
214.66 
215.77 
216.85 
217.90 
218.93 

219.93 

220.90 
221.85 
222.78 
223.68 

Cv 

J/mol·K. 

21.00 

20.99 
20.98 
20.98 
20.97 
20.97 
20.97 
20.98 
20.99 
21.00 
21.01 

21.02 
21.06 
21.11 
21.17 
21.24 
21.31 
21.40 
21.49 
21.59 
21.70 

21.82 
21.93 
22.06 
22.18 
22.31 
22.44 
22.57 
22.71 
22.84 
22.97 

23.11 
23.43 
23.75 
24.05 
24.34 
24.62 
24.88 

25.12 
25.35 
25.57 

25.77 
25.95 
26.13 
26.29 

26.44 
26.59 
26.72 
26.85 
26.96 
27.07 

27.10 

27.27 
27.36 
27.45 
27.53 

Cp 

J/mol·K 

30.59 

30.47 
30.37 
30.28 
30.21 
30.14 
30.08 
30.03 
29.99 
29.96 
29.93 

29.91 
29.88 
29.87 
29.89 
29.91 
29.96 
30.01 
30.08 
30.16 
30.24 

30.34 
30.44 
30.55 
30.66 
30.78 
30.90 
31.02 
31.14 
31.27 
31.39 

31.52 
31.83 
32.13 
32.43 
32.71 
32.98 
;:S3.23 

33.47 
33.69 
33.90 

34.10 
34.28 
34.46 
34.62 

34.i7 
34.91 
35.04 
35.17 
35.28 
35.39 

3::'.49 

35.59 
35.68 
35.77 
35.85 

Velocity 

of sound 
mls 

352. 

359. 
365. 
371. 
377. 

383. 
388. 
394. 
399. 
405. 
410. 

415. 
425. 
435. 
444. 
454. 
463. 
471. 
480. 
488. 
496. 

504. 
512. 
520. 
527. 
534. 
542. 
549. 
556. 
562. 
569. 

576. 
592. 
608. 
623. 
638. 
653. 
ofJI. 

681. 
694. 
708. 

721. 
733. 
746. 
759. 

ill. 
783. 
795. 
806. 
818. 
829. 

040. 

852. 
863. 
873. 
884. 



Temper· 
ature 
kelvin 

- 63.911 

64 
66 
68 

70 
72 
74 
76 
78 
80 
82 
04 

86 
88 

90 

92 
94 
96 
90 

100 
102 
104 
106 
108 

110 
112 

114 
116 
118 
120 

122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 

144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 

Density 
mo1/l 

31.02283 

31.01200 
30.75446 
30.48849 

30.21419 
29.93174 
29.64]41 
29.34349 
29.03820 
28.72570 
28.40606 
28.07925 

27.74503 
27.40316 

27.05320 

26.69460 
26.32665 
25.94851 
25.55918 

25.15744 
24.74182 
24.3]056 
23.86141 
23.39155 

22.89726 
22.37351 

21.81322 
21.2059] 
20.53506 
19.77218 

18.86086 
17.65795 
15.46510 
7.22037 

6.0614] 
5.47053 
5.06908 
4.76472 
4.51980 
4.315]3 
4.13950 

3.98602 
3.84973 
3.72735 

3.61639 
3.37774 
3.111021 
3.01231 
2.86677 
2.73869 
2.62461 
2.52200 

Isotherm 
derivative 
l·bar/moi 

241.48 

240.35 
216.08 
195.40 

177.62 
162.22 
]48.74 
136.84 
126.23 
116.68 
107.99 
100.02 

92.66 
85.82 

79.41 

73.38 
67.68 
62.29 
57.17 

52.29 
47.63 
43.18 
38.91 
34.80 

30.84 
27.01 

23.27 
19.62 
16.02 
12.45 

8.87 
5.24 
l.4i 
1.02 

2.07 
2.88 
3.56 
4.16 
4.71 
5.21 
5.GB 

6.12 
6.54 
6.94 

7.32 
8.21 
9.04 
9.82 

10.55 
11.26 
11.93 
12.58 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

30.li4 

30.44 
28.28 
26.39 

24.73 
23.23 
21.88 
20.64 
19.50 
18.44 
17.45 
Jb.:>;j 

15.66 
14.84 

14.Ut> 

13.32 
12.62 
11.95 
11.;SU 

10.68 
10.08 
9.49 
8.93 
8.38 

7.83 
I.ISU" 

6.77 
6.23 
5.69 
5.]3 

4.52 
3.83 
2.83 

0.9812 

0.7810 
0.6802 
0.6130 
0.5632 
0.5239 
0.4918 
U.4t>4"" 

0.4415 
0.4213 
0.4035 

0.3876 
0.3543 
0.3277 
0.3058 
0.2874 
0.2715 
0.2577 
0.2455 

Internal Enthalpy 
energy J/mo1 
J/mo1 

35 bar Isobar 

-4200.2 

-4195.6 
-4086.6 
-3976.3 

-3865.1 
-3753.5 
-3641. 7 
-3529.8 
-3417.8 
-3305.7 
-3]93.5 
-3081.0 
-2968.3 
-2855.1 

-2741.4 
-2626.9 
-2511.6 
-2395.2 
-'2277.6 
-2158.6 
-2037.8 
-1915.1 
-1790.1 
-1662.4 

-1531.5 
-]396.6 
-1256.9 
-1I10.8 

-956.1 
-789.0 
-601.9 
-376.1 

-19.9 
1240.5 

1503.1 
1665.1 
1791.5 
1898.7 
1993.9 
2080.8 
2161.5 
2237.5 
2309.6 
2378.7 

2445.2 
2602.7 
2750.7 
2891.8 
3027.8 
3]59.6 
3288.1 
3414.0 

-4087.4 

-4082.7 
-3972.8 
-3861.5 

-3749.3 
-3636.6 
-3523.6 
-3410.5 
-3297.2 
-3183.8 
-3070.2 
-2956.4 
-2842.1 
-2727.4 

-2612.0 
-2495.8 
-2378.7 
-2260.3 
-2140.7 
-2019.4 
-1896.4 
-]771.1 
-1643.4 
-1512.8 

-1378.6 
-1240.2 
-1096.4 
-945.7 
-785.6 
-611.9 
-416.4 
-177.8 

206.4 
1725.2 

2080.6 
2304.9 
2481.9 
2633.3 
2768.3 
2891.9 
300i.0 
3115.5 
3218.8 
3317.7 

3413.0 
3638.9 
3851.3 
4053.7 
4248.6 
4437.5 
4621.6 
4801.7 

Entropy 
J/mo1'K 

68.20 

68.27 
69.% 
71.62 

73.25 
74.83 
76.38 
77.89 
79.36 
80.80 
82.20 
83.57 
84.92 
86.23 

87.53 
88.81 
90.07 
91.31 
92.55 
93.77 
94.99 
96.21 
97.42 
98.64 

99.87 
101.12 
102.39 
103.70 
105.07 
106.53 
108.15 
J10.09 
113.16 
125.13 

127.88 
129.60 
130.93 
132.05 
133.03 
133.92 
134.74 
135.50 
136.21 
136.88 

13i.52 
139.01 
140.35 
141.60 
142.76 
143.86 
144.90 
]45.88 

Cv 

J/mo1·K 

29.69 
29.43 
29.12 
28.80 
28.49 
28.]9 
27.92 
27.67 
27.45 

27.26 
27.09 
26.94 
26.81 
26.70 
26.61 
26.52 
26.45 
26.40 
26.35 

26.32 
26.30 
26.30 
26.33 
26.39 
26.50 
26.70 
27.10 
28.21 
29.16 

27.68 
26.72 
26.01 
25.45 
24.99 
24.60 
24.27 
23.98 
23.73 
23.51 

23.32 
22.91 
22.60 
22.35 
22.15 
21.99 
21.85 
21.74 

C. 
J/mo1·K 

56.43 
56.53 
56.60 
56.66 
56.74 
56.85 
57.01 
57.24 
57.52 

57.88 
58.32 
58.85 
59.48 
60.21 
61.06 
62.04 
63.19 
64.54 
66.14 

68.07 
70.45 
73.46 
77.44 
82.98 
91.34 

105.75 
138.07 
314.88 
261.99 

131. 78 
97.56 
81.02 
71.07 
64.35 
59.48 
55.77 
52.85 
50.48 
48.51 

46.86 
43.68 
41.39 
39.67 
38.34 
37.27 
36.39 
35.67 

Velocity 
of sound 

m/s 

1049. 
1010. 
974. 
942. 
911. 
882. 
854. 
827. 
801. 

776. 
751. 
726. 
702. 
678. 
654. 
631. 
607. 
583. 
558. 

534. 
508. 
482. 
454. 
424. 
391. 
354. 
309. 
242. 
180. 

188. 
194. 
199. 
204. 
208. 
212. 
216. 
219. 
223. 
226. 

229. 
236. 
243. 
249. 
255. 
261. 
266. 
271. 

J. Phys. Chern. Ref. Data, Vol. 2, No.4, 1973 



824 

Temper· 
ature 
kelvin 

190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
3BO 

390 

400 
420 

440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 

1050 
llOO 
1150 
1200 

1250 

1300 
1350 
1400 
1450 
1500 
1550 

Density 
molll 

2.42897 
2.34405 

2.26606 
2.12736 
2.00727 
1.90190 
1.80844 
1.72480 
1.64937 
1. 580!l 1 
1.51842 
1.46109 

1.40828 
1.35942 
1.31408 
1.27185 
1.23241 

1.19549 
1.16083 
1.12822 
1.0971S 

1.06845 

1.04098 
OQQO?3 

0.94436 
0.90268 
0.86464 
0.82975 
0.79763 
0.76796 
0.74047 
0.71491 

0.69109 
0.66883 
0.64798 
0.62841 
0.6JOOI 
0.59266 
0.57628 
0.56080 
0.54613 
0.53222 

0.51901 
0.48870 
0.46176 
0.43765 
0.41595 

0.39631 
0.37845 
0.36213 
0.34717 

0.33340 

0.32068 
0.30890 
0.29795 
0.28776 
0.27824 
0.26934 

Isotherm 
derivative 
I·bar/mol 

13.21 
13.83 

14.43 
15.59 
16.71 
17.80 
18.86 
19.90 
20.91 
:!1.!ll 
22.90 
23.87 

24.83 
25.78 
26.73 
27.66 
28.59 

29.51 
30.42 
31.33 
32.21 

33.14 

34.03 
.QS Rl 

37.58 
39.34 
41.09 
42.83 
44.56 
46.28 
48.00 
49.72 

51.43 
53.14 
54.84 
56.54 
58.24 
59.94 
61.63 
63.32 
65.01 
66.69 

68.38 
72.59 
76.78 
80.98 
85.16 

89.35 
93.53 
97.70 

101.87 

106.05 

110.21 
114.38 
118.55 
122.71 
126.87 
131.04 

J. Phys. Chem. Ref. Doto, VDI. 2, No.4, 1973 

R. T. JACOBSEN AND R. B. STEWART 
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Isochore 
derivative 

bar·K 

0.2346 
0.2248 

0.2160 
0.2006 
0.1875 
0.1763 
0.1665 
0.1578 
0.1501 
0.14il:! 

0.1369 
0.1312 

0.1260 
0.1213 
0.1169 
0.1128 
0.1090 

0.1055 
0.1022 
0.0991 
0.0963 

0.0935 

0.0910 
o ORI).~ 
0.0821 
0.0782 
0.0748 
0.0716 
0.0687 
0.0660 
0.0636 
0.0613 

0.0592 
0.0572 
0.0554 
0.0536 
0.0520 
0.0505 
0.0490 
0.0477 
0.0464 
0.0452 

0.0440 
0.0414 
0.0391 
0.0370 
0.0351 

0.0334 
0.0319 
0.0305 
0.0292 

0.0280 

0.0270 
0.0260 
0.0250 
0.0242 
0.0234 
0.0226 

Internal 
energy 
J/mo] 

3537.6 
3659.3 

3779.5 
4015.9 
4248.0 
4477.0 
4703.3 
4927.4 
5149.9 
t;>,no.l! 

5590.6 
5809.3 

6027.1 
6244.2 
6460.6 
6676.4 
6891.8 

7106.7 
7321.4 
7535.7 
7719.9 

7963.9 

8177.8 
RI)OS 4-

9033.1 
9461.3 
9890.1 

10320.0 
10751.1 
11183.6 
11617.8 
12053.7 

12491. 7 
12931.7 
13374.0 
13818.5 
14265.5 
14714.9 
15166.8 
15621.2 
16078.2 
16537.7 

16999.8 
18166.2 
19348.3 
20545.5 
21757.4 

22983.2 
24222.0 
25473.3 
26736.3 

28010.2 

29294.3 
30588.0 
31890.7 
33201. 7 
34520.6 
35846.8 

Enthalpy 
J/mo] 

4978.5 
5152.5 

5324.0 
5661.1 
5991.7 
oill"l.:t 

6638.6 
6956.7 
7271.9 
"1::'l!4.l! 

7895.6 
8204.8 

8512.4 
8818.8 
9124.0 
9428.3 
9731. 7 

10034.4 
10336.5 
10638.0 
10939.0 

11239.6 

11540.0 
l?l::1Q Q 

12739.3 
13338.6 
13938.1 
14538.1 
15139.1 
15741.1 
16344.5 
16949.4 

17556.1 
18164.7 
18775.3 
19388.1 
20003.1 
20620.5 
21240.2 
21862.3 
22486.8 
23113.9 

23743.4 
25328.0 
26928.0 
28542.8 
30171.9 

31814.7 
33470.4 
35138.4 
36817.9 

38508.2 

40208.6 
41918.6 
43637.4 
45364.6 
47099.5 
48841.7 

Entropy 
J/mol·K 

146.83 
147.73 

148.60 
150.24 
151.78 
l:'il.:til 

154.60 
155.90 
157.13 
158.31 

159.44 
160.53 

161.57 
162.58 
163.54 
164.48 
165.39 

166.26 
167.12 
167.94 
169.71 

169.52 

170.29 
171 7S 

173.14 
174.48 
175.75 
176.98 
178.15 
179.29 
180.39 
181.45 

182.48 
183.47 
184.44 
185.39 
186.30 
187.20 
188.07 
188.92 
189.76 
190.57 

191.37 
193.29 
195.12 
196.87 
198.54 

200.14 
201.68 
203.16 
204.::;9 

205.97 

207.31 
208.60 
209.85 
211.06 
212.24 
213.38 

Cv 

J/mo]·K 

21.65 
21.57 

21.50 
21.39 
21.30 
21.23 

21.18 
21.14 
21.11 
21.08 

21.05 
21.04 

21.02 
21.01 
21.00 
21.00 
21.00 

21.00 
21.00 
21.01 
:21.0:2 

21.03 

21.04 
?1 "OR 

21.12 
21.18 
21.25 
21.33 
21.41 
21.50 
21.61 
21.71 

21.83 
21.94 
22.07 
22.19 
22.32 
22.45 
22.58 
22.71 
22.85 
22.98 

23.11 
23.44 
23.76 
24.06 
24.35 

24.62 
24.88 
25.13 
25.35 

25.57 

25.77 
25.96 
26.13 
26.29 
26.45 
26.59 

C. 
J/mol·K 

35.06 
34.54 

34.09 
33.36 
32.79 
32.33 

31.96 
31.66 
31.40 
31.18 

31.00 
30.84 

30.70 
30.58 
30.47 
30.38 
30.30 

30.24 
30.18 
30.13 
30.0S 

30.05 

30.02 
?QQR 

29.96 
29.97 
29.99 
30.02 
30.07 
30.13 
30.21 
30.29 

30.38 
30.48 
30.58 
30.69 
30.81 
30.93 
31.05 
3J.l7 
31.29 
31.41 

31.54 
31.85 
32.15 
32.44 
32.72 

32.99 
33.24 
33.48 
33.70 

33.91 

34.11 . 
34.29 
34.46 
34.62 
34.77 
34.91 

Velocity 
of sound 

m/s 

276. 
281. 

286. 
295. 
303. 
311. 

319. 
326. 
333. 
340. 

347. 
353. 

360. 
366. 
372. 
378. 
304. 

389. 
395. 
400. 
406. 

411. 

416. 
421) 

436. 
446. 
455. 
464. 
473. 
481. 
489. 
498. 

506. 
513. 
52!. 
528. 
536. 
543. 
550. 
55i. 
564. 
570. 

577. 
593. 
609. 
624. 
639. 

654. 
668. 
682. 
695. 

709. 

722. 
734. 
747. 
759. 
772. 
784. 



Temper. 
atur-e 
kelvin 

1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
molll 

0.26098 
0.25313 
0.24574 
0.23877 

0.23218 
0.22595 
0.22005 
0.21444 
0.20911 

* 64.023 31.02981 
66 30.77751 
68 30.51398 

70 
72 
74 
715 

78 
80 
82 
64 

86 
88 

90 
92 
94 
96 
QR 

100 
102 
104 
106 
108 

HO 
112 
114 
116 
118 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
]42 
]44 
146 
]48 

150 

30.24221 
29.96241 
29.67486 
29.37982 

29.07757 
28.76828 
28.45204 
26.12683 

27.79854 
27.46090 

27.11555 
26.76200 
26.39964 
26.02773 
25.611538 

25.25153 
24.84493 
24.42406 
23.98704 
23.53156 

23.05463 
22.55232 
22.01929 
21.44801 
20.82731 
20.13964 
19.35487 
18.41442 
17.17730 
15.13180 

]0.65950 
7.93415 
6.82938 
6.18108 
5.72755 
5.38064 . 
5.10074 
4.86675 
4.66614 
4.49089 

4.33552 

Isotherm 
derivative 
I· bar/mol 

135.20 
139.36 
143.52 
147.68 

151.84 
156.00 
160.15 
164.31 
168.47 

241. 71 
217. 72 
197.00 

179.20 
163.78 
150.29 
138.39 

127.77 
118.22 
109.53 
10].58 

94.23 
87.40 

81.00 
74.99 
69.32 
63.94 
58.B4 

53.99 
49.36 
44.93 
40.69 
36.63 . 

32.71 
28.93 
25.27 
2f. 71 
18.22 
14.80 
11.43 
8.10 
4.84 
l.83 

0.71 
1.40 
2.23 
2.97 

3.62 
4.21 
4.75 
5.26 
5.73 
6.18 

6.60 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0219 
0.0212 
0.0206 
0.0200 

0.0194 
0.0189 
0.0184 
0.0179 
0.0175 

30.36 
28.24 
26.37 

24.71 
23.23 
21.89 
20.b/ 

19.54 
18.49 
17.51 
16.59 

15.73 
14.92 

14.15 
13.42 
12.72 
12.05 
11.41 

10.80 
10.20 
9.63 
9.07 
8.53 

8.00 
7.47 
6.96 
6.44 
5.93 
5.40 
4.85 
4.26 
3.60 
2.72 

1.58 
1.09 

0.8978 
0.7856 
0.7084 
0.6505 
0.6047 
0.5671 
0.5354 
0.5083 

0.4847 

Internal 
energy 
J/mo) 

37179.9 
38519.4 
39865.0 
41216.2 

42572.7 
43934.1 
45300.3 
46670.8 
48045.5 

Enthalpy 
J/mo) 

50590.8 
52346.2 
54107.6 
55874.6 

57646.9 
59424.2 
61206.1 
62992.4 
64782.8 

40 bar Isobar 

-4198.4 
-4091.1 
-3981.1 

-3870.3 
-3759.1 
~3647.7 
-::s::,::s().~ 

-3424.7 
-3313.1 
-3201.4 
-3089.5 

-2977.4 
-2864.9 

-2751.9 
-2638.2 
. -2523.7 
-2408.3 
-2291.9 

-2173.9 
-2054.5. 
-1933A 
-lR10.2 

-1684.7 

-1556.3 
-1424.6 
-1288.8 
-1147.9 
-1000.3 
-843.8 
-674.2 
-483.9 
-254.3 

81.3 

753.2 
1235.3 
1478.1 
1644.9 
1777.3 
1889.9 
1989.9 
2080.8 
2165.0 
2244.1 

2319.0 

-4069.5 
-3961.] 
-3850.0 

-3738.0 
-3625.6 
-3512.9 
-3400.1 
-3287.1 
-3174.0 
-3060.8 
-2947.3 

-2833.5 
-2719.2 

-2604.3 
-2488.7 
-2372.2 
-2254.6 
-2136.S 

-2015.5 
-1893.5 
-1769.6 
-1fA3.5 

-1514.7 

-1382.8 
-1247.3 
-1107.2 
-961.4 
-808.3 
-645.2 
-467.5 
-266.7 
-21.4 
345.6 

1128.5 
1739.4 
2063.8 
2292.0 
2475.6 
2633.3 
2774.1 
2902.7 
3022.2 
3134.8 

3241.6 

Entropy 
J/mo)·K 

214.49 
215.57 
216.62 
217.64 

218.64 
219.62 
220.57 
221.50 
222.40 

68.22 
69.89 
71.55 

73.17 
74.75 
76.30 
77.80 

79.27 
80.70 
82.10 
83.47 

84.8] 
86.12 

87.41 
88.68 
89.93 
91.17 
92.40 

93.61 
94.82 
96.02 
97.22 

98.43 

99.64 
100.86 
102.10 
103.37 
104.67 
106.05 
107.51 
109.15 
111.11 
114.00 

120.06 
]24.73 
127.17 
128.86 
J30.20 
131.33 
132.33 
133.23 
134.06 
134.82 

135.54 

C. 
Jlmo)·K 

26.72 
26.85 
26.97 
27.08 

27.18 
27.28 
27.37 
27.45 
27.53 

29.86 
2.9.59 
29.27 
28.95 
28.62 
28.32 
28.04 

27.79 
27.56 

27.36 
27.18 
27.03 
26.90 
26.70 

26.68 
26.59 
26.5] 
26.45 

26.39 

26.35 
26.32 
26.31 
26.31 
26.34 
26.41 
26.53 
26.75 
27.16 
28.12 

29.78 
28.69 
27.56 
26.71 
26.04 
25.50 
25.05 
24.67 
24.34 
24.06 

23.81 

C. 
J/mo)·K 

35.05 
35.17 
35.29 
35.39 

35.50 
35.59 
35.68 
35.77 
35.85 

56.29 
56.39 
56.45 
56.50 
56.57 
56.67 
.5t>.82 

57.02 
57.28 

57.61 
58.02 
58.51 
59.09 
59.76 

60.54 
61.44 
62.49 
63.70 

65.12 

66.80 
68.84 
71.35 
74.55 
78.78 
84.69 
93.61 

108.82 
141.25 
254.45 

432.23 
206.52 
131.19 
100.70 
84.33 
74.08 
67.02 
61.85 
57.89 
54.75 

52.20 

Velocity 
of sound 

m/s 

796. 
807. 
819. 
830. 

841. 
852. 
863. 
874. 
885. 

1050. 
lOll. 
976. 
944. 
913. 
885. 
8::'·i. 

831. 
805. 

780. 
756. 
732 . 
708. 
68::;. 

661. 
638. 
615. 
692. 

568. 

544. 
520. 
495. 
469. 
441. 
412. 
379. 
343. 
300. 
243. 

192. 
190. 
195. 
200. 
205. 
209. 
213. 
217. 
22:/.. 
224. 

227. 
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Temper· 
ature 
kelvin 

155 
160 
165 

170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 

320 
330 
340 
350 

360 
370 
380 
390 

400 
420 
440 

460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 

900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

Density 
moll! 

4.01110 
3.75105 
3.53503 
3.35096 
3.19114 
3.05032 
2.92477 
2.81178 
2.70927 

2.61563 
2.45019 
2.30796 
2.18386 
2.07429 
1.97659 
1.88877 
1.80925 
1.73684 
1.67054 

1.60955 
1.55322 

1.50099 
1.45242 
1.40710 
1.36470 

1.32493 
1.28754 
1.25232 
1.21907 

1.18762 
1.12956 
J .07713 

1.02951 
0.98606 
0.94624 
0.90959 
0.87575 
0.84439 
0.81525 

0.78809 
0.76272 
0.73895 
0.71665 
0.69567 
0.67591 
0.65725 
0.63960 
0.62289 
0.60704 

0.59199 
0.5574:' 

0.52676 
0.49929 
0.47456 
0.45218 
0.43182 
0.41323 
0.396Ji 
0.38048 

Isotherm 
derivative 
I·har/mo! 

7.59 
8.49 
9.32 

10.11 
10.85 
11.57 
12.25 
12.91 
13.56 

14.18 
15.39 
16.55 
17.67 
18.76 
19.82 
20.86 
21.88 
22.88 
23.87 

24.85 
2:'.82 

26.77 
27.72 
28.66 
29.59 

30.52 
31.44 
32.35 
33.26 

34.16 
35.96 
37.74 

39.51 
41.27 
43.02 
44.76 
46.49 . 
48.22 
49.94 

51.66 
53.37 
55.08 
56.79 
58.49 
60.19 
61.89 
63.58 
65.27 
66.96 

68.65 
12.80 

77.07 
81.27 
85.46 
89.64 
93.82 
98.00 

102.18 
lO6.35 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

har·K 

0.4367 
0.3997 
0.3700 
0.3455 
0.3247 
0.3068 
0.2913 
0.2775 
0.2653 

0.2542 
0.2352 
0.2192 
0.2055 
0.1937 
0.1833 
0.1741 
0.1658 
0.1584 
0.1517 

0.1455 
U.J399 

0.1348 
0.1300 
0.1256 
0.1214 

0.1176 
0.ll40 
0.ll07 
0.1075 

0.1045 
0.0991 
0.0912 

0.0898 
0.0857 
0.0821 
0.0787 
0.0757 
0.0728 
0.0702 

0.0678 
0.0655 
0.0634 
0.0614 
0.0595 
0.0578 
0.0561 
0.0546 
0.0531 
0.0517 

0.0504 
U.U474 

0.0447 
0.0423 
0.0402 
0.0382 
0.0365 
0.0349 
0.0334 
0.0321 

Internal 
energy 
Jlmo! 

2492.9 
2652.9 
2803.3 
2946.6 
3084.5 
3218.1 
3348.3 
3475.7 
3600.8 

3723.9 
3965.2 
4201.5 
4433.9 
4663.1 
4889.9 
51I4.5 
5337.5 
5559.1 
5779.4 

5998.6 
0217.0 
6434.6 
6651.6 
6868.0 
7083.9 

7299.5 
7514.7 
7729.6 
7944.4 

8158.9 
8587.8 
9016.7 

9445.9 
9875.7 

10306.4 
10738.2 
11171.5 
11606.3 
12042.8 

12481.3 
12921.9 
13364.7 
13809.7 
14257.0 
14706.8 
15159. I 
156J3.9 
16071.2 
16531.0 

16993.4 
!tHoO.5 

19343. I 
20541.0 
21753.3 
22979.4 
24218.7 
25470.3 
26733.6 
28007.8 

Enthalpy 
J/mo! 

3490.1 
3719.3 
3934.8 
4140.3 
4337.9 
4529.4 
4715.9 
4898.3 
5077.2 

5253.1 
5597.8 
5934.7 
6265.5 
6591.5 
6913.5 
7232.3 
7548.4 
7862.1 
8173.8 

8483.8 
8792.3 
9099.5 
9405.6 
9710.7 

10015.0 

10318.5 
10621.4 
10923.7 
11225.5 

11527.0 
12129.0 
12730.3 

13331.2 
13932.2 
14533.6 
l:iB:i.l'l 

15739.0 
16343.4 
16949.3 

17556.9 
18166.3 
18777.7 
19391.2 
20006.9 
20624.8 
21245.1 
21867.8 
22492.8 
23120.4 

23750.3 
25336.0 
26936.8 
28552.4 
30182.2 
31825.5 
33481.8 
35150.2 
36830.2 
38520.9 

Entropy 
J/mo!·K 

137.17 
138.62 
139.95 
141.18 
142.32 
143.40 
144.43 
145.40 
146.33 

147.22 
148.90 
150.47 

151.94 
153.33 
154.64 
155.89 
157.08 
158.22 
159.32 

160.37 
161.38 
162.36 
163.30 
164.21 
165.09 

165.95 
166.78 
167.58 
168.37 

169.13 
170.60 
172.00 

173.33 
174.61 
175.84 
17709 

178.16 
179.26 
180.32 

181.35 
182.35 
183.32 
184.26 
185.18 
186.08 
186.95 
187.80 
188.64 
189.45 

190.25 
192.17 
194.00 
195.75 
197.42 
199.03 
200.57 
202.05 
203.48 
204.86 

C. 
J/mo!·K 

23.30 
22.91 
22.61 
22.37 
22.18 
22.02 
21.89 
21.77 
21.68 

21.60 
21.47 

21.37 
21.30 
21.24 
21.19 
21.15 
21.12 
21.09 
21.07 

21.05 
21.04 
21.03 
21.02 
21.02 
21.02 

21.02 
21.03 
21.04 
21.05 

21.06 
21.09 
21.14 

21.20 
21.26 
21.34 
21.42 

21.52 
21.62 
21.72 

21.84 
21.95 
22.08 
22.20 
22.33 
22.46 
22.59 
22.72 
22.85 
22.99 

23.12 
23.44 
23.76 
24.06 
24.35 
24.63 
24.89 
25.13 
25.36 
25.57 

C. 
J/mo!·K 

47.52 
44.32 
42.01 
40.25 
38.87 
37.77 

36.86 
36.11 
35.47 

34.92 
34.04 
33.36 

32.82 
.~2.39 

32.03 
31.73 
31.48 
31.27 
31.08 

30.92 
30.78 
30.66 
30.56 
30.47 
<lU.iW 

30.32 
30.26 
30.21 
30.16 

30.13 
30.08 
30.0:; 

30.05 
30.06 
30.09 
30.13 

30.19 
30.26 
30.34 

30.42 
30.52 
30.62 
30.73 
30.84 
30.96 
31.07 
31.19 
31.31 
31.44 

31.56 
31.87 
32.17 
32.46 
32.73 
33.00 
33.25 
33.49 
33.71 
33.92 

I 
I 

i 
I 

Velocity 
01 sound 

mls 

235. 
242. 
249. 
255. 
261. 
266 

271. 
276. 
281. 

286. 
295. 
304. 

312. 
320. 
327. 
334. 
341. 
348. 
355. 

361. 
367. 
373. 
379. 
385. 
a!l!. 

396. 
402. 
407. 
413. 

418. 
428. 
438. 

447. 
456. 
465. 
174. 

483. 
491. 
499. 

507. 
515. 
522. 
530. 
537. 
544. 
551. 
558. 
565. 
572. 

578. 
595. 
610. 
625. 
640. 
655. 
669. 
683. 
696. 
710. 



Temper. 
ature 
kelvin 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 

1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
mol/l 

0.36598 
0.35255 
0.34008 
0.32846 
0.31760 
0.30745 
0.29792 
0.28897 

0.28054 
0.27259 

0.26508 
0.25797 
0.25123 
0.24484 
0.231l77 

* 64.132 31.03689 
66 30.80039 
68 30.53926 

70 
72 
74 
10 

78 
80 
82 
84 

86 
88 

90 
92 
94 
96 
QIl 

100 
102 
104 
106 
108 

110 
112 
]]4 
116 
118 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 

30.26999 
29.99280 
29.70795 
;!Y.4J!)/b 

29.1 i647 
28.81030 
28.49737 
28.17768 

27.85116 
27.51760 

27.17668 
26.82797 
26.47094 
26.10494 
25.72918 

25.34274 
24.94453 
24.53325 
24. )0733 
23.66483 

23.20334 
22.71974 
22.20991 
21.66829 
21.08697 
20.45436 
19.75239 
18.95069 
17.99272 
16.75662 

14:93972 
12.20920 
9.74734 
8.25292 
7.34344 

Isotherm 
derivative 
)·bar/mol 

110.52 
114.69 
118.86 
123.02 
127.19 
]31.35 
135.5] 
139.67 

143.83 
147.99 

152.15 
156.31 
160.47 
164.62 
llill.711 

241.95 
219.35 
198.61 

180.78 
165.34 
151.84 
I<lY.'J:! 

129.30 
119.75 
) 11.07 
103.12 

95.79 
88.97 

82.59 
76.59 

'70.94 
65.58 
60.50 

55.66 
51.06 
46.66 
42.45 
38.41 

34.54 
30.81 
27.20 
23.71 
20.31 
17.00 
13.77 
10.61 
7.56 
4.70 

2.34 
1.32 
1.45 
2.01 
2.66 
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Thermodynamic· properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0308 
0.0297 
0.0286 
0.0276 
0.0267 
0.0258 
0.0250 
0.0243 

0.0235 
0.0229 

0.0222 
0.0216 
0.0211 
0.0205 
0.0':>1\0 

30.17 
28.19 
26.34 

24.70 
23.24 
21.91 
;!U.b'J 

19.57 
18.53 
17.57 
16.66 

15.80 
15.00 

14.24 
13.51 
12.82 
12.]6 
lJ':;2 

10.91 
10.33 
9.76 
9.21 
8.67 

8.15 
7.64 
7.14 
6.64 
6.14 
5.64 
5.13 
4.60 
4.04 
3.41 

2.68 
1.91 
1.41 
1.14 

0.9753 

Internal 
energy 
Jlmol 

29292.1 
30586.] 
31889.0 
33200.2 
34519.3 
35845.7 
37178.9 
38518.6 

39864.3 
41215.6 

42572.2 
43933.8 
45300.0 
46670.7 
4IlM!; <1 

Enthalpy 
J/mo) 

40221.6 
41931.9 
43651.0 

·45378.4 
47113.6 
48856.0 
50605.2 
52360.8 

54122.4 
55889.6 

57662.0 
59439.4 
61221.4 
63007.8 
fi41QIl :< 

45 bar Isobar 

-4196.6 
-4095.4 
-3985.8 

-3875.4 
-3764.6 
-3653.6 
-<l!>42.6 

-3431.5 
-3320.4 
-3209.2 

. -3097.9 

-2986.3 
-2874.4 

-2762.1 
-2649.2 
-2535.5 
-2421.0 
-2305.5 

-2188.8 
-2070.7 
-1951.0 
-1829.5 
-1705.9 

-1579.8 
-1450.9 
-1318.5 
-1181.9 
-1039.9 

-891.1 
-733.1 
-561.8 
-369.8 
-141.2 

163.3 
592.2 

1006.1 
1296.6 
1500.6 

-4051.7 
-3949.3 
-3838.5 

-3726.8 
-3614.6 
-3502.2 
-33IW.6 
-3276.9 
-3164.2 
-3051.3 
-2938.2 

-2824.8 
-2710.9 

-2596.5 
-2481.4 
-2365.5 
-2248.6 
-21&0.6 

-2011.2 
-1890.3 
-1767.6 
-1642.8 
-1515.7 

-138S.9 
-1252.8 
-1115.9 
-974.2 
-826.5 
-671.1 
-50S.3 
-324.3 
-]]9.7 

127.3 

464.5 
960.8 

1467.8 
1841.9 
2113.4 

Entropy 
J/mo)·K 

206.19 
207.48 
208.74 
209.95 
211.12 
212.27 
213.38 
214.46 

21;'.51 
216.53 

217.53 
218.51 
219.46 
220.39 
??l.?Q 

68.25 
69.82 
71.48 

73.10 
74.68 
76.22 
77.72 
79.18 
80.61 
82.00 
83.36 

84.70 
86.01 

87.29 
88.56 
89.80 
91.03 
92.25 

93.46 
94.65 
95.85 
97.03 
98.22 

99.41 
100.61 
101.82 
103.06 
104.32 
105.62 
106.99 
108.47 
110.10 
112.05 

114.66 
118.45 
122.26 
125.03 
127.01 

C. 
J/mol·K 

25.77 
25.96 
26.13 
26.30 
26.45 
26.59 
26.73 
26.05 

26.97 
27.08 

27.18 
27.28 
27.37 
27.45 
n!;3 

30.03 
29.75 
29.42 
29.09 
28.76 
28.44 
28.16 

27.90 
27.66 

27.46 
27.27 
27.11 
26.97 
26.&5 

26.74 
26.65 
26.57 
26.50 
26.44 

26.39 
26.35 
26.32 
26.31 
26.32 
26.35 
26.42 
26.55 
26.77 
27.17 

27.92 
28.92 
28.82 
27.99 
27.17 

C. 
J/mol·K 

34.11 
34;30 
34.47 
34.63 
34.78 
34.92 
35.05 
35.17 

35.29 
35.40 

35.50 
35.59 
35.68 
35.77 
3!;8!; 

56.16 
56.25 
56.30 
56.35 
56.41 
56.49 
50.03 

56.81 
57.05 

57.36 
57.73 
58.19 
58.72 
59.31 

60.06 
60.89 
61.83 
1i2.Q3 

64.20 

65.68 
67.45 
69.58 
72.22 
75.58 
80.03 
86.21 
95.43 

110.65 
139.97 

206.06 
273.02 
221.87 
156.66 
118.66 

Velocity 
of sound 

mls 

723. 
735. 
748. 
760. 
773. 
785. 
796. 
000. 

820. 
831. 

842. 
853. 
864. 
875. 
lllll> 

1051. 
1012. 
978. 
946. 
916. 
887. 
800. 

834. 
809. 

785. 
761. 
737. 
714. 
691. 

668. 
645. 
623. 
600. 

577. 

554. 
531. 
507. 
482. 
456. 
429. 
400. 
369. 
334. 
294. 

248. 
211. 
200. 
200. 
204. 
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Temper. 
atule 
kelvin 

140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 

210 
220 
230 
240 
250 
260 
270 
~liU 

290 

300 
310 
320 
330 
340 
350 

360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 

560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 

Density 
moll! 

6.72408 
6.26376 
5.90100 
5.60339 
!U\!;207 

5.13520 
4.69768 
4.35949 
4.08553 
3.85637 
3.66018 
3.48924 
3.33821 
3.20330 
3.08166 

2.97115 
2.77715 
2.61154 
2.46785 
2.34153 
2.22931 
2.12873 
2.03790 
1.\15535 

1.87991 

1.81063 
1.74672 
1.68755 
1.63256 
1.58131 
1.53340 

1.48850 
1.44632 
1.40659 
1.36912 

1.33369 
1.26832 
1.20932 
1.15578 
1.l0695 
1.06221 
1.02105 
0.98305 
0.94784 
0.91513 

0.88466 
0.85619 
0.82952 
0.80450 
0.78097 
0.75880 
0.73787 
0.71808 
0.69934 
0.68156 

0.66467 
0.62594 
0.59151 

Isotherm 
derivative 
l·bar/moI 

3.30 
3.89 
4.45 
4.97 
5.46 

5.92 
6.99 
7.96 
8.85 
9.69 

10.47 
11.22 
11.94 
12.63 
13.30 

13.95 
15.20 
16.40 
Ii.55 
18.67 
19.75 
20.82 
21.86 
22.88 

23.89 

24.88 
25.86 
26.83 
27.79 
28.74 
29.69 

30.62 
31.55 
32.47 
3L~9 

34.30 
36.11 
37.90 
39.69 
41.46 
43.21 
44.96 
46.71 
48.44 
50.17 

51.89 
53.61 
55.33 
57.04 
58.74 
60.45 
62.15 
63.85 
65.54 
67.23 

68.92 
73.14 
77.35 

J. Phys. Chern. Ref. Data, V~1. 2, No.4, 1973 

R. T. JACOBSEN AND R. B. STEWART 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.8665 
0.7869 
0.7254 
0.6758 
0.6346 

0.5998 
0.53]5 
0.4807 
0.4411 
0.4090 
0.3824 
0.3597 
0.3402 
0.3231 
0.3080 

0.2945 
0.2713 
0.2521 
0.2358 
0.2217 
0.2095 
0.1986 
0.1890 
0.1803 

0.li25 

0.1654 
0.1589 
0.1529 
0.1474 
0.1423 
0.1376 

0.1332 
0.1291 
0.1252 
o 12J6 

0.1182 
0.1120 
0.1064 
0.1013 
0.0968 
0.0926 
0.0888 
0.0853 
0.082) 
0.0792 

0.0764 
0.0738 
0.0714 
0.0692 
0.0671 
0.0651 
0.0632 
0.0615 
0.0598 
0.0582 

0.0567 
0.0533 
0.0503 

Internal 
energy 
l/mol 

]658.0 
1788.4 
1901.5 
2002.7 
2095.3 

2181.3 
2375.7 
2550.0 
2711.1 
2862.7 
3007.4 
3146.6 
3281.5 
3412.9 
3541.5 

3667.7 
3914.3 
4154.8 
4390.7 
4623.0 
4852.3 
5079.3 
5304.3 
5527.0 
5749.5 

5970.3 
6190.0 
6408.8 
6626.9 
6844.4 
7061.3 

7277.7 
7493.7 
7709.5 
7994 Q 

8140.2 
8570.4 
9000.4 
9430.6 
9861.3 

10292.8 
10725.4 
11159.4 
11594.8 
]2032.0 

12471.1 
12912.2 
13355.4 
13800.8 
14248.6 
14698.8 
15151.5 
15606.6 
16064.2 
]6524.4 

16987.0 
18154.8 
19338.1 

Enthalpy 
limo! 

2327.2 
2506.8 
2664.] 
2805.8 
2936.1 

3057.6 
3333.6 
3582.2 
3812.5 
4029.6 
4236.8 
4436.3 
4629.5 
4817.7 
5001.8 

5182.3 
5534.7 
5877.9 
6214.2 
ob44.H 

6870.9 
7193.2 
7512.4 
7829.0 

8143.3 

8455.6 
8766.2 
9075.4 
9383.3 
9690.1 
9995.9 

10300.9 
10605.1 
10908.7 
11?1l 7 

11514.3 
12118.4 
12721.5 
13324.0 
13926.5 
]4529.3 
15132.7 
15737.0 
16342.5 
16949.3 

17557.8 
18168.0 
18780.2 
19394.4 
20010.7 
20629.2 
21250.1 
21873.3 
22498.9 
23126.9 

23757.3 
25344.0 
26945.6 

Entropy 
l/mo)·K 

128.55 
)29.83 
]30.93 
]31.90 
132.79 

133.61 
135.42 
]37.00 
138.41 
139.71 
140.91 
142.03 
143.09 
144.10 
]45.05 

145.97 
]47.69 
149.28 
150.78 
Jb2.JY 

153.52 
154.78 
155.99 
157.14 

158.24 

159.30 
160.32 
161.30 
162.25 
J63.16 
161.05 

164.91 
J65.74 
166.55 
167 .. 'l4 

168.1l 
169.58 
170.98 
172.32 
173.60 
174.83 
176.02 
]77.16 
178.26 
179.32 

180.35 
181.35 
182.33 
183.27 
]84.19 
185.09 
185.96 
186.82 
187.65 
188.47 

189.26 
191.19 
]93.02 

Cv 

J/mo!·K 

26.47 
25.90 
25.41 
24.99 
24.64 

24.33 
23.71 
23.24 
22.88 
22.60 
22.37 
22.]8 
22.03 
21.90 
21.79 

21.70 
21.55 
21.44 
21.36 
21.2\1 

21.23 
21.19 
21.16 
21.13 

21.10 

2].08 
21.07 
21.06 
21.05 
21.04 
21.01 

21.04 
21.05 
21.05 
21.06 

21.08 
21.11 
21.16 
21.21 
21.28 
21.35 
21.44 
21.53 
21.63 
21.73 

21.85 
21.96 
22.08 
22.21 
22.34 
22.47 
22.60 
22.73 
22.86 
22.99 

23.13 
23.45 
23.77 

C. 
J/mol·K 

97.01 
83.49 
74.33 
67.74 
62.76 

58.87 
52.07 
47.68 
44.61 
42.34 
40.60 
39.23 
38.12 
37.20 
36.43 

35.78 
34.74 
33.95 
33.32 
32.82 

32.41 
32.07 
31.78 
31.54 

31.33 

31.15 
30.99 
30.85 
30.73 
30.63 
30.54 

30.46 
30.39 
30.33 
BO.28 

30.24 
30.17 
30.14 
30.12 
30.13 
.~0.15 

30.19 
30.24 
30.31 
30.38 

30.47 
30.56 
30.66 
30.76 
30.87 
30.98 
3L10 
31.22 
31.34 
31.46 

31.58 
31.88 
32.]8 

Velocity 
of sound 

mls 

208. 
212. 
216. 
219. 
223. 

226. 
234. 
241. 
248. 
255. 
261. 
266. 
272. 
277. 
282. 

287. 
296. 
304. 
313. 
321. 

328. 
335. 
342. 
349. 

356. 

362. 
368. 
375. 
381. 
386. 
392. 

398. 
403. 
409. 
414. 

419. 
429. 
439. 
449. 
458. 
467. 
475. 
484. 
492. 
500. 

508. 
516. 
524. 
531. 
538. 
546. 
553. 
560. 
566. 
573. 

580. 
596. 
611. 



Temper-
ature 

kelvin 

950 
1000 
1050 
1100 
1150 

1200 
1250 

1300 

1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
1850 
]900 
1950 
2000 

Density 

mol/l 

0.56071 
0.53297 
0.50786 
0.48503 
0.46417 

0.44504 
0.42742 

0.4111/\ 

0.39609 
0.38209 
0.36905 
0.35687 
0.34547 
0.33478 
0.32473 
0.31527 
0.30634 

0.2.9791 
0.28993 
0.28236 
0.27518 
0.26836 

* 64.240 31.04406 
66 30.82310 
68 30.56433 

70 
72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
LU:! 

104 
106 
108 

llQ 
112 
lJ4 
116 

. lJ8 
120 
122 
11'4 

126 

30.29753 
30.02290 
29.74072 
29.45130 
29.15491 
28.85179 
28.54207 
28.22581 
27.90295 
27.57331 

27.23665 
. 26.89258 

26.54064 
26.18025 
25.81072 
25.43125 
:!!l.U4UI:II:I 

24.63850 
24.22278 
23.79210 

23.34446 
22.87738 
22.38764 
21.07090 

21.32167 
20.73165 
20.08921 
19.3764B 

18.56461 
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Isotherm 
derivative 
I·harlmol 

81.56 
85.75 
89.94 
94.12 
9S.31 

102.48 
106.66 

110.1ll! 

115.00 
119.17 
123.33 
127.50 
131.66 
135.82 
139.99 
144.15 
148.31 

152.46 
156.62 
]60.78 
164.94 
169.10 

242.20 
220.98 
200.21 

182.36 
166.90 
153.38 
J41.46 
130.83 
121.28 
112.60 
1{)4.66 
97.33 
90.52 

84.16 
78.18 
72.54 
67.20 
62.14 
57.32 
52.73 
48.36 
44.17 
40.17 

36.33 
32.64 
29.08 
2ii.64 

22.31 
19.09 
15.95 
12.92 

10.00 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

har·K 

0.0476 
0.0452 
0.0430 
0.0410 
0.0392 

0.0376 
0.0361 

0.0347 

0.0334 
0.0322 
0.0311 
0.0300 
0.0291 
0.0281 
0.0273 
0.0265 
0.0257 

0.0250 
0.0243 
0.0237 
0.0231 
0.0225 

29.98 
28.14 
26.31 

24.69 
23.24 
21.92 
20.72 
19.61 
18.58 
17.62 
16.72 
15.88 
15.08 

14.32 
13.60 
12.91 
12.26 
11.63 
11.03 
10.45 
9.88 
9.34 
8.81 

8.30 
7.60 
7.30 
6.02 
6.34 
5.86 
5.38 
4.S9 

4.38 

Internal 
energy 
llmol 

20536.4 
21749.2 
22975.7 
24215.4 
25167.4 

26730.9 
28005.4 

1'9290.0 

30584.2 
31887.3 
33198.7 
34518.0 
35844.5 
37177.9 
385]7.8 
39863.6 
41215.0 

42571.8 
43933.4 
45299.8 
46670.5 
48045.4 

Enthalpy 

llmol 

28562.0 
30192.4 
31836.4 
33493.2 
3516:2.1 

36842.5 
38533.5 

402347 

4]945.2 
43664.6 
45392.3 
47]27.7 
48870.3 
50619.7 
52375.5 
54137.2 
55904.5 

57677.1 
59454.6 
61236.7 
63023.2 
64813.8 

50 bar Isobar 

-4194.9 
-4099.8 
-3990.5 

-3880.5 
-3770.0 
-3659.5 
-3548.8 
-3438.2 
-3327.6 
-3216.9 
-3106.1 
-2995.1 
-2883.8 

-2772.'1 
-2659.9 
-2547.1 
-2433.4 
-2318.8 
-2203.2 
-2086.3 
-1968.0 
-1848.0 
-1726.2 

-1602.2 
-1475.7 
-1346.2 
-1213.2 

-1075.9 
-933.1 
-783.5 
-6!H.4 

-452.3 

-4033.8 
-3937.6 
-3826.9 

-3715.4 
-3603.5 
-3491.3 
-3379.1 
-3266.7 
-3154.3 
-3041.7 
-2928.9 
-2815.9 
-2702.5 

-2588.5 
-2474.0 
-2358.7 
-2242.4 
-2125.1 
-2006.6 
-]886.6 
-1765.0 
-1641.6 
-1516.0 

-1388.0 
-1257.1 
-1122.9 
-904.6 

-841.4 
-692.0 

. -534.6 
-3~.4 

-183.0 

Entropy 
J/mol-K 

194.77 
196.44 
198.04 
199.58 
201.07 

202.50 
203.88 

205.21 

206.50 
207.75 
208.97 
210.14 
211.29 
212.40 
213.48 
214.53 
215.55 

216.55 
217.53 
218.48 . 
219.41 
220.31 

68.28 
69.75 
71.41 

73.02 
74.60 
76.14 
77.63 
79.09 
80.52 
81.90 
83.26 
84.59 
85.90 

87.18 
88.44 
89.68 
90.90 
92.11 
93.31 
94.49 
95.67 
96.85 
98.02 

99.20 
100.38 
101.57 
102.77 

103.99 
105.25 
106.55 
107.92 

109.38 

C, 
J/mol-K 

24.07 
24.36 
24.63 
24.89 
25.13 

25.36 
25.58 

25.78 
25.96 
26.14 
26.30 
26.45 
26.59 
26.73 
26.85 
26.97 
27.08 

27.18 
27.28 
27.37 
27.46 
27.54 

30.,,, 
29.91 
29.57 
29.22 
28.89 
28.57 
28.27 
28.00 
27.76 

27.55 
27.36 
27.20 
27.05 
26.92 
26.81 
26.71 
26.62 
26.54 
26.48 

26.42 
26.37 
26.34 
2G.S1 

26.31 
26.32 
26.35 
26.18 

26.56 

Cp 

Ilmol-K 

32.47 
32.75 
33.01 
33.26 
33.19 

33.72 
33.92 

34.12 

34.30 
34.47 
34.63 
34.78 
34.92 
35.05 
35.18 
35.29 
35.40 

35.50 
35.60 
35.69 
35.77 
35.85 

:>O.U4 

56.12 
56.16 
56.20 
56.25 
56.32 
56.44 
56.61 
56.83 

57.11 
57.46 
57.88 
58.37 
58.95 
59.61 
60.37 
61.24 
62.23 
63.37 

64.69 
66.23 
68.07 
70.29 

73.03 
76.52 
8UI 
S7.42 

96.60 

Velocity 
of sound 

mls 

627. 
641. 
656. 
670. 
694. 

697. 
711. 

724. 

736. 
749. 
761. 
774. 
786. 
797. 

·809. 
821. 
832. 

843. 
854. 
865. 
876. 
887. 

JU!l:!. 

1014. 
979. 
948. 
918. 
890. 
864. 
838. 
813. 

789. 
766. 
742. 
719. 
697. 
675. 
652. 
630. 
608. 
586. 

563. 
541. 
518. 
494 • 
470. 
445. 
419. 
89l. 

360. 
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Temver-
ature 
kelvin 

128 

130 

132 
134 
136 
138 
140 
142 
144 
146 
148 

1:;0 

155 
160 
165 
170 

175 
160 
165 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
3}0 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 

660 
680 
700 
72Q 

Density 
moll! 

17.60369 

16.40274 
14.81498 
12.82891 
10.92077 
9.45930 
8.42562 
7.68344 
7.12514 
6.68589 
6.32760 

0.02707 

5.44247 
5.00771 
4.66470 
1.39323 

4.14573 
3.94113 
3.76201 
3.flO31!! 

3.46087 

3.33227 
3.10794 
2.91776 
2.75363 
2.60997 
2.48279 
2.36912 
2.26672 
2.17386 
2.08913 

2.0} 144 
1.93987 
1.87368 
1.81224 
1.75502 
1.70J57 
1.65151 
1.60451 
1.56029 
1.51858 

1.47916 
1.40649 
1.34094 
1.28149 
1.22729 
1.17764 
1.13199 
1.08985 
1.05082 
1.01457 

0.98079 
0.94924 
0.91970 

0.89197 
0.86590 
0.84134 
0.91915 

Isotherm 
derivative 
I·bar/mol 

7.24 

4.78 
2.91 
2.02 
1.92 
2.21 
2.68 
3.22 
3.77 
4.31 
4.82 

5.32 

6.45 
7.48 
8.42 
!I.30 

10.13 
10.91 
11.66 
12.3!! 

13.07 

13.74 
15.03 
16.26 
17.45 
18.59 
19.70 
20.79 
21.85 
22.89 
23.91 

24.92 
25.91 
26.90 
27.87 
28.83 
29.78 
30.73 
31.66 
32.60 
33.52 

34.44 
36.27 
38.07 
39.87 
41.65 
43.41 
45.17 
46.92 
48.66 
50.40 

52.13 
53.85 
55.57 

57.29 
59.00 
60.71 
62.41 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

3.84 

3.27 
2.65 
2.07 
1.64 
1.35 
1.16 
1.03 

U.Y~6U 

0.8490 
0.7873 

0.7305 

0.6404 
0.5718 
0.5198 
0.4795 

0.4448 
0.4]65 
0.3924 
0.3714 
0.3531 

0.3368 
0.3091 
0.2863 
0.2671 
0.2507 
0.2364 
0.2239 
0.2]27 
0.2028 
0.1938 

0.1856 
0.]782 
0.]714 
0.]65] 
0.1593 
0.1540 
0.]490 
0.1443 
0.1399 
0.]358 

0.1320 
0.1250 
0.1167 
0.ll30 
0.1079 
0.1032 
0.0990 
0.0951 
0.0915 
0.0881 

0.0850 
0.0822 
0.0795 

0.0770 
0.0746 
0.0724 
0.0703 

Internal 
energy 
Jlmol 

-260.6 

-37.6 
235.9 
563.7 
689.6 

1163.5 
1379.6 
1552.6 
l()Y().~ 

1820.7 
1930.9 

2031.0 

2250.6 
2442.0 
2615.3 
2776.3 

2928.3 
3073.6 
3213.6 
3349.3 
3481.6 

3611.1 
3863.1 
4108.0 
4347.5 
4582.8 
4814.8 

.5044.1 
5271.1 
5496.2 
5719.8 

5942.0 
6163.1 
6383.1 
6602.3 
6820.8 
7038.7 
7256.0 
7472.9 
7689.4 
7905.6 

8121.6 
8553.0 
8984.1 
9415.3 
9847.0 

10279.3 
10712.7 
11147.3 
11583.5 
12021.2 

12460.8 
12902.4 
13346.1 

13792.1 
14240.3 
14690.8 
J5113.9 

Enthalpy 
J/mo! 

23.4 

267.2 
573.4 
953.4 

1347.5 
1692.1 
1973.1 
2203.3 
~;;9ts.2 

2568.5 
2721.1 . 

2660.6 

3]69.3 
3440.4 
3687.2 
3917.0 

4134.4 
4342.3 
4542.7 
4737.0 
4926.3 

511 1.5 
5471.8 
5821.6 
6163.3 
6498.5 
6828.7 
7154.6 
7476.9 
7796.3 
81l3.1 

8427.8 
8740.5 
9051.7 
9361.4 
9669.8 
9977.1 

10283.5 
10589.1 
10893.9 
11198.2 

11501.8 
12107.9 
12712.8 
13317.0 
13921.0 
14525.1 
15129.7 
15735.1 
16341.6 
16949.4 

17558.8 
18169.8 
18782.7 

19397.6 
20014.6 
20633.8 
21255.2 

Entropy 
1/mol·K 

J] 1.01 

112.90 
115.23 
118.09 
121.U1 
123.53 
125.55 
127.18 
128.54-

129.72 
130.76 

131.09 

133.72 
135.44 
136.96 
139.33 

139.59 
140.76 
141.86 
142.90 
143.88 

144.82 
146.58 
148.21 
149.72 
151.15 
152.50 
153.78 
154.99 
156.16 
157.27 

158.33 
159.36 
160.35 
161.30 
162.22 
163.11 
163.98 
164.81 
165.63 
166.42 

167.18 
168.66 
170.07 
171.41 
172.70 
173.93 
175.12 
176.26 
177.36 
178.43 

179.46 
180.46 
181.44 

182.38 
183.30 
184.20 
195.08 

C" 
J/mo!·K 

26.77 

27.12 
27.69 
28.29 
~!:I.40 

27.96 
27.32 
26.69 
26.13 

25.65 
25.22 

24.80 

24.12 
23.57 
23.15 
2!l.S!l 

22.56 
22.35 
22.17 
22.03 
21.90 

21.80 
21.64 
21.51 
21.42 
21.34 
21.28 
21.23 
21.19 
21.16 
21.13 

21.11 
21.10 
21.08 
21.07 
21.07 
21.06 
21.06 
21.07 
21.07 
21.08 

21.09 
21.13 
21.li 
21.22 
21.29 
21.36 
21.45 
21.54 
21.64 
21.74 

21.86 
21.97 
22.09 

22.22 
22.34 
22.47 
22.60 

C. 
J/rnol·K 

110.95 

135.04 
173.05 
200.80 
I1l7.n 

155.90 
126.40 
105.19 
90.:58 

80.27 
72.72 

(j(j.99 

57.38 
51.47 
47.47 
44.60 
42.45 
40.77 
39.43 
38.34 
37.43 

36.67 
35.45 
34.54 
33.82 
33.25 
32.79 
32.40 
32.08 
31.80 
31.57 

31.37 
31.19 
31.04 
30.90 
30.79 
30.68 
30.60 
30.52 
30.45 
30.39 

30.34 
30.27 
30.22 
30.20 
30.20 
30.22 
30.25 
30.30 
30.36 
30.43 

30.5] 
30.60 
30.69 

30.80 
30.90 
31.01 
3l.13 

Velocity 
of sound 

mts 

327. 

291. 
255. 
226. 
~IJ. 

210. 
210. 
213. 
216. 

219. 
223. 

226. 

234. 
241. 
248. 
255. 
26l. 
267. 
272. 
277. 
282. 

287. 
297. 
305. 
314. 
322. 
329. 
336. 
344. 
350. 
357. 

364. 
370. 
376. 
382. 
388. 
394. 
399. 
405. 
4]0. 
415. 

421. 
431. 
440. 
450. 
459. 
468. 
477. 
485. 
494. 
502. 

510. 
517. 
525. 

532. 
540. 
547. 
551. 



Temper. 
ature 
kelvin 

740 
760 
780 

800 
850 
900 
950 

1000 
lU:'U 

1100 
1150 
1200 
1250 

1300 
1350 
1400 

1450 
1500 
1550 
1600 

1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

• 64.457 

66 
68 

70 
72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 

98 
100 
102 
104 
106 
108 

110 
112 

Density 
mollI 

0.79623 
0.77547 
0.75578 

0.73707 
0.6\1417 

0.65603 
0.62190 
0.59118 
U.5bilil6 

0.53806 
0.51495 
0.49375 
0.47424 

0.45621 
0.43951 
0.42399 

0.40954 
0.39604 
0.38340 
0.37155 

0.36041 
0.34992 
0.34002 

0.33067 
0.32182 
0.31343 
0.30547 
0.29790 

31.05868 
30.86803 
30.61388 

30.35189 
30.08226 
29.80527 
29.52124 
29.23047 
28.93323 
28.62970 
28.31999 
28.00410 
27.68194 

27.35332 
27.01799 
26.67557 
26.32562 

25.96760 
25.60090 
25.22480 
24.83845 
24.44088 
24.03095 

23.60728 
23.16820 

Isotherm 
derivative 
l·bar/mol 

64.11 
65.81 
67.51 

69.20 
71l.4il 

77.64 
81.85 

86.05 
YU.:l4 

94.43 
98.61 

102.79 
106.96 

111.14 
115.31 
119.40 

123.64 
127.81 
131.97 
136.11 

140.30 
144.46 
148.62 

152.78 
156.94 
161.10 
165.25 
169.41 

242.73 
224.25 
203.42 

185.52 
170.01 
156.46 
144.51 
133.87 
124.31 
115.64 
107.71 
100.40 
93.61 

87.27 
81.32 
75.71 
70.40 

65.37 
60.58 
56.03 
51.69 
47.55 
43.59 

39.80 
36.17 

THERMODYNAMIC PROPERTIES OF NITROGEN 831 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0684 
0.0665 
0.0648 

0.0631 
O.USYil 

0.0559 
0.0529 
0.0502 
U.U471:1 

0.0456 
0.0436 
0.0418 
0.0401 

0.0385 
0.0371 
0.0356 

0.0345 
0.0334 
0.0323 
0.0313 

0.0303 
0.0294 
0.0286 

0.0278 
0.0270 
0.0263 
0.0256 
0.0250 

29.62 
28.05 
26.25 

24.66 
23.24 
21.95 
20.77 
19.68 
18.67 
17.73 
16.85 
16.01 
15.23 

14.4B 
13.78 
13.10 
12.46 

11.84 
11.25 
10.68 
10.13 
9.59 
9.08 

8.58 
8.09 

Internal 
energy 
J/mol 

15599.3 
16057.3 
16517.7 

16980.7 
lM14Y.J 

19333.0 
20531.8 
21745.1 
'I."JYI'I..J 

24212.1 
25464.4 

26728.3 
28003.0 

29287.9 
30582.3 
31665.6 

33197.2 
34516.7 
35843.4 
37177.0 

38516.9 
39862.9 
41214.4 

42571.3 
43933.1 
45299.5 
46670.4 
48045.3 

Enthalpy 
J/moi 

21878.9 
22505.0 
23133.5 

23764.3 
'I.S35'1..0 

26954.5 
28571.6 
30202.8 
31m-I.3 

33504.7 
35174.0 
36854.8 
38546.2 

40247.7 
41958.6 
43678.2 

45406.] 
47141.7 
48884.6 
60634.2 

52390.1 
54152.0 
55919.5 

57692.2 
59469.8 
61252.0 
63038.6 
64829.3 

60 bar Isobar 

-4191.2 
-4108.3 
-3999.7 

-3890.4 
-3780.7 
-3670.9 
-3561.1 
-3451.3 
-3341.6 
-3231.8 
-3122.0 
-3012.1 
-2902.0 

-2791.6 
-2680.7 
-2569.3 

2457.3 

-2344.5 
-2230.8 
-2ll6.1 
-2000.2 
-1883.0 
-1764.2 

-1643.8 
-1521.5 

-3998.0 
-3913.9 
-3803.7 

-3692.7 
-3581.2 
-3469.6 
-3357.8 
-3246.0 
-3134.2 
-3022.3 
-2910.2 
-2797.9 
-2685.3 

-2572.2 
-2458.6 
-2344.4 
- 2229.4 

-2113.4 
-1996.4 
-1878.2 
-1758.6 
-1637.5 
-1514.6 

-1389.7 
-1262.5 

Entropy 
J/mo1·K 

185.93 
186.77 
187.58 

188.38 
1110.30 
192.14 
193.89 
195.56 
1!rt.l0 

198.71 
200.19 

201.62 
203.00 

204.34 
205.63 
206.66 

208.09 
209.27 
210.41 
211.62 

212.60 
213.65 
214.68 

215.68 
216.65 
217.60 
218.53 
219.44 

68.33 
69.62 
71.27 

72.88 
74.45 
75.98 
77.47 
78.92 
80.33 
81.72 
83.07 
84.39 
85.68 

86.95 
88.20 
89.43 
90.64 

91.83 
93.02 
94.19 
95.35 
96.50 
97.65 

98.80 
99.94 

Co 
J/mol·K 

22.74 
22.87 
23.00 

23.13 
23.46 
23.77 
24.07 
24.36 
'1.4.64 

24.90 
25.14 

25.37 
25.58 

25.78 
25.97 
20.14 

26.30 
26.45 
26.60 
26.73 

26.86 
26.97 
27.08 

27.18 
27.28 
27.37 
27.46 
27.54 

30.52 
30.21 
29.86 
29.49 
29.14 
28.80 
28.49 
28.21 
27.96 

27.73 
27.53 
27.36 
27.20 

27.06 
26.94 
26.83 
26.73 
26.64 
26.56 

26.49 
26.43 

C. 
J/mol·K 

31.25 
31.36 
31.48 

31.60 
31.90 
32.20 
32.48 
32.76 
ilil.O'l. 

33.27 
33.50 
33.72 
33.93 

34.13 
34.31 
34.48 

34.64 
34.79 
34.93 
36.06 

35.18 
35.29 
35.40 

35.50 
35.60 
35.69 
35.77 
35.85 

55.79 
55.86 
55.89 
55.91 
55.94 
56.00 
56.09 
56.22 
56.41 

56.65 
56.95 
57.31 
57.7S 

58.23 
58.79 
59.44 
60.17 
60.99 
61.93 

62.99 
64.21 

Velocity 
of sound 

mls 

561. 
568. 
574. 

581. 
5\17. 

613. 
628. 
643. 
0:'-1. 

671. 
685. 
698. 
712. 

725. 
737. 
750. 

762. 
775. 
787. 
791l. 

810. 

821. 
833. 

844. 
855. 
866. 
877. 
887. 

1053. 
1016. 
983. 
952. 
923. 
896. 
870. 
845. 
821. 

798. 
775. 
752. 
7S0. 

709. 
687. 
666. 
644. 
623. 
602. 

581. 
560. 
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832 

Temper· 
ature 
kelvin 

1]4 

116 
118 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 

160 
165 
170 
175 

180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 

390 

400 
420 

440 
460 
480 
500 

520 
540 
560 
."so 

Density 
mol/l 

22.71167 
22.23510 
21.73520 
21.20769 
20.64688 
20.04506 
19.39162 
18.67166 

17.86434 
16.94186 
15.87455 
14.65643 
13.35255 
12.09003 
10.96879 
10.02413 
9.24773 
8.61237 

8.08802 
1.10941 

6.42377 
5.90777 
5.49929 
5.16405 

4.88146 
4.63838 
4.42591 
4.23780 

4.0695) 
3.77951 
3.53688 
3.32958 
3.14960 
2.99130 
2.85060 
2.72442 
2.61042 
2.50675 

2.4J 196 
2.32486 
2.24447 
2.16999 
2.10074 
2.03616 
1.97574 
1.91909 
1.8b583 

1.81565 

1.76828 
1.68101 

1.60240 
1.53118 
1.46629 
1.40691 

1.35233 
1.30198 
1.25536 
1 n~O'l 

Isotherm 
derivative 
I· bar/mol 

32.69 
29.34 
26.11 
23.00 
20.00 
17.12 
14.36 
11. 74 

9.31 
7.15 
5.37 
4.11 
3.42 
3.17 
3.20 
3.40 
3.72 
4.1I 

4.54 
5.64 
6.71 
7.72 
8.66 
9.55 

10.39 
11.19 
11.95 
12.69 

13.40 
14.76 
16.05 
17.29 
18.48 
19.64 
20.76 
21.86 
22.93 
23.99 

25.02 
26.04 
27.05 
28.04 
29.03 
30.00 
30.96 
31.92 
'5l.87 

33.81 

34.74 
36.59 

38.42 
40.24 
42.04 
43.82 

45.60 
47.36 
49.12 
5087 
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Thermodynamic propenies of nitrogen-Continued 

Isochore 
derivative 

bar·K 

7.62 
7.15 
6.70 
6.25 
5.80 
5.35 
4.91 
4.46 

4.00 
3.54 
3.07 
2.63 
2.23 
1.91 
1.65 
1.46 
1.30 
1. 18 

1.08 
0.90M 

0.7878 
0.7020 
0.6365 
0.5847 

0.5423 
0.5069 
0.4767 
0.4506 

0.4278 
0.3895 
0.3586 
0.3329 
0.3112 
0.2925 
0.2761 
0.2618 
0.2490 
0.2375 

0.2271 
0.2177 
0.209] 
0.2012 
0.1940 
0.1873 
0.1810 
0.1752 
U.Jb\l8 

0.1647 

0.1600 
0.1513 

0.1436 
0.1366 
0.1303 
0.1246 

0.1194 
0.1146 
0.1103 
0.1062 

Internal 
energy 
Hmol 

-1396.9 
-1269.S 
-1139.6 
-1005.8 . 
-867.7 
-724.2 
-573.9 
-415.0 

-244.S 
-59.6 
144.2 
367.5 
602.6 
834.2 

1049.7 
1243.1 
1413.7 
1564.2 

1697.9 
1979.2 

2211.5 
2413.7 
2596.3 
276:;.1 

2923.8 
3074.9 
3220.0 
3360.2 

3496.5 
3760.0 
4014.0 
4261.0 
4502.6 
4740.0 
4973.9 
5205.1 
5433.9 
5660.7 

5885.8 
6109.6 
6332.1 
6553.5 
6774.1 
6993.9 
7213.0 
7431.5 
IM9.6 

7867.2 

8084.6 
8518.5 

8951.9 
9385.1 
9818.5 

10252.6 

10687.5 
11123.5 
11560.9 
1199gB 

Enthalpy 
J/mo) 

-1132.7 
-999.9 
-863.5 
-722.9 
-577.1 
-424.9 
-264.5 

-93.7 

91.1 
294.5 
522.1 
776.S 

1051.9 
1330.5 
1596.7 
lS41.6 
2062.5 
2260.8 

2439.7 
2823.2 

3145.5 
3429.3 
3687.3 
3927.0 

4153.0 
4368.4 
4575.6 
4776.0 

4970.9 
5347.5 
571004 
6063.0 
6407.6 
6745.8 
7078.8 
7407.4 
7732.3 
8054.2 

8373.4 
8690.4 
9005.3 
9318.5 
9630.2 
9940.6 

10249.8 
10558.0 
JUllb5.6 

11171.8 

ll477.i 
12087.8 

12696.2 
133()3.6 
13910.5 
14517.2 

15124.2 
15731.8 
16340.4 
16950 0 

Entropy 
J/mo)·K 

101.09 
102.25 
103.41 
104.59 
105.80 
107.04 
10S.32 
109.66 

111.10 
112.65 
114.36 
116.25 
118.25 
120.26 
122.15 
123.86 
125.38 
126.73 

127.93 
130.45 

132.50 
134.24 
135.78 
i37.17 

138.45 
139.63 
140.73 
141. 77 

142.76 
144.60 
146.29 
147.85 
149.32 
150.70 
152.01 
153.25 
154.43 
155.56 

156.64 
157.68 
158.68 
159.64 
160.58 
161.47 
162.35 
163.19 
1M.UJ 

164.81 

165.58 
167.07 

168.48 
169.83 
171.13 
172.36 

173.55 
174.70 
175.81 
17688 

C. 
J/mo)·K 

26.38 
26.33 
26.30 
26.28 
26.27 
26.28 
26.32 
26.39 

26.50 
26.68 
26.91 
27.19 
27.42 
27.48 
27.32 
27.00 
26.60 
26.18 

25.77 
24.89 

24.21 
23.68 
23.27 
22.94 

22.67 
22.45 
22.27 
22.12 

22.00 
21.80 
21.65 
21.53 
21.44 
21.37 
21.31 
21.27 
21.23 
21.20 

21.17 
21.15 
21.13 
21.12 
21.11 
21.11 
21.11 
21.11 
:!1.11 

21.12 

21.13 
21.10 

21.20 
21.25 
21.32 
21.39 

21.47 
21.56 
21.66 
21.76 

C. 
J/mo)·K 

65.61 
67.25 
69.19 
71.52 
74.39 
77.97 
82.56 
88.57 

96.61 
107.31 
120.60 
133.56 
139.99 
137.24 
128.23 
116.47 
104.58 
94.00 

85.15 
W.58 

60.07 
53.87 
49.57 
46.44 

44.06 
42.20 
40.71 
39.50 

38.49 
36.91 
35.73 
34.83 
34.12 
33.54 
33.06 
32.67 
32.33 
32.05 

31.80 
31.59 
31.40 
31.24 
31.10 
30.98 
30.87 
30.77 
30.bY 
30.62 

30.56 
30.40 

30.39 
30.35 
30.34 
30.34 

30.36 
30.40 
30.45 
30.S2 

Velocity 
of sound 

m/s 

539. 
517. 
495. 
473. 
450. 
426. 
401. 
375. 

34S. 
320. 
293. 
268. 
249. 
238. 
231. 
229. 
229. 
230. 

231. 
237. 

244. 
250. 
257. 
263. 

268. 
274. 
279. 
284. 

289. 
299. 
308. 
316. 
324. 
332. 
339. 
346. 
353. 
360. 

366. 
373. 
379. 
385. 
391. 
396. 
402. 
408. 
413. 
418. 

423. 
434. 

443. 
453. 
462. 
47l. 

480. 
488. 
497. 
50S. 



Temper-
ature 

kelvin 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 

1800 
18:;0 

1900 
1950 
2000' 

Density 
. mol/l 

1.17175 
1.13409 
1.09884 . 

1.06576 
1.03466 
1.00536 

0;97771 
0.95156 
0.92680 
0.90331 

0.88100 
0.82984 
0.78436 
0.74365 
0.70700 
0.67382 
0:64363 
0.61605 
0.59075 
0.56746 

0.54594 
0.52600 
0.50747 
0.49021 
0.47409 

. 0.45899' 
0.44483 
0.43152 
0.41899 
0.40716 

0.39599 
0.38541 

0.37538 
0.36587 
0.35682 . 

• 64.i173 31.07365 
66 30.91230 
68 30.66266 

70 
72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 . 

100 

30.40534 
30.14055 
29.8685.6 
29.58972 
29.30434 
29.0127] 

·28.71507 
28.41155 
28.10222 
27~ 78705 

27.46594 
27.13868 
26.80500 
26.46457 
26.11698 
25.76174 
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Isotherm 
derivative 
l·bar/mol 

52.61 
54.34 
56.07 
57.80 
59.51 
61.23 

62.94 
. 64.65 

66.35 
68.06 

69.76 
73.99 
78.22 
82.43 
86.64 
90.84 
95.03 
99.22 

103.40 
107.58 

111.76 
115.93 
120.10 
124.27 
128.44 
132.60 
136.77 
140.93 
145.09 
149.25 

153.41 
151.57 
161. 73 . 

. 165.88 
170.04 

2:43.31 
227.51 
206.62 

188.67 
173.11 
159.53 
147.55 
136.89 
127.33 
118.66 
110.73 
103.43 
96.66 

90.34 
84.41 
78.82 
73.54 
68.54 
63.78 

Thermodynamic properties ofnitrogen,..Continuei 

Isochore 
derivative 

bar'K 

0.1024 
0.0989 
0.0957 
0.0926 
0.0898 
0.0871 

0.0846 
0.0822 
0.0800 
0.0779 

0.0758 
0.0713 
0.0672 
0.0636 
0.0604 
0.0574 
0.0548 
0.0524 
0.0502 
0.0481 

0.0463 
0.0445 
0.0429 
0.0414 
0.0401 
0.0388 
0.0375 
0.0364 
0.0353 
0.0343 

0.0333 
0.0324 

0.0316 
0.0308 
0.0300 

29.28 
27.96 
26.19 

24.63 
23.24 
21.97 
20.82 
19:75 
18.76 
17.83 
16.97 
16.15 
15.37 

14.64 
13.95 
13.28 
12.65 
12.04 
11.46 

Internal 
energy 
Jlmol 

12440.5 
12883.1 
13327.8 
13774.6 
1~223.6 
14675.0 

15128.7 
15584.9 
16043.5 
16504.6 

16968.1 
18137.9 
19322.9 
20522.7 
21736.9 
22964.7 
24205.5 
25458.5 
26722.9 
27998.2 

29283.6 
30578.5 
31882.2 
33194.2 
34514.0 
3584Ll 
37175,0 
38515.2 
39861.5 
41213.3 

42570.4 
43932.4 

45299.1 
46670.1 
48045.2 

Enthalpy 
lImo} 

17561.1 
18173.7 
18788.1 
19404.4 
20022.6 
20643.0 

21265.5 
21890.3 
22517.4 
23146.2 

23778.5 
25368.2 
26972.4 
28591.0 
30223.5 
31869.2 
33527.n 
35197.9 
36879.5 
38571.7 

40273.8 
41985.3 
43705.5 
45433.9 
47170.0 
48913.2 
50663.2 
52419.5 
54181.7 
55949.4 

.57722.4 
59500.2 

61282.7 
63069.5 
64860.3 

70 bar Isobar 

-4187.5 
.-4116.6 
-4008.6 

-3900.0 
-3791.0 
-3682.0 
-3573.0 
-3464.0 
-3355.1 
-3246.3 
-3]37.5 
-3028.6 
-2919.5 

-2810.2 
-2700.6 
-2590.6 
-2480.0 
-2368.8 
.,...2256;9 

-3962.3 
-3890.1 
-3780.3 

-3669.7 
-3558;8 
-3447.6 
-3336.4 
-3225.1 
-3Il3.8 
-3002.5 
-2891.1 
-2779.5 
-2667.6 

-2555.4 
-2442.7 
-2329.4 
-2215.5 
-2100.8 . 

-1985.1 

Entropy 
J/mol·K 

177.91 
178.92 
179:89 
180.84 
181.76 
182.66 

183.54 
184.40 
185,23 
186.06 

186.85 
188.78 
190.61 
192.36 
194.03 
195.64 
1971R 

198.67 
200.10 
201.48 

202.82 
204.11 
205.36 
206.57 
207.75 
208.89 
210.00 
211.08 
212.14 
213.16 

214;16 
21!:l.13 

216.09 
217.01 
217.92 

68.39 
69.49 
71.13 

72.73 
74.30 
75.82 
77.30 
78.75 
SO.16 
81.53 
82.87 
84.19 
85.47 

86.73 
87.97 
89.19 
90.39 
91.57 
92.74 

C. 
l/mol·K 

21.87 
21.99 
22.11 
22.23 
22.36 
22.49 
22.62 
22.75 
22.88 
23.01 

23.14 
23.47 
23.78 
24.08 
24.37 
24.65 
24.Q(} 

25.15 
25.37 
25.59 

25.79 
25.97 
26.15 
26.31 
26.46 
26.60 
26.74 
26.86 
26.98 
27.09 

27.19 
:a.29 
27.38 
27.46 
27.54 

30.83 
30.50 
30.13 
29.75 
29.38 
29.03 
28.70 
28.41 
28.15 

27.91 
27.70 
27.51 
27.34 
27.19 
27.06 

Cp 

J/mol·K 

30.59 
30.67 
30.76 
30.86 
30.97 
31.07 

31.1S 
31.30 
31.41 
lU.S3 

31.65 
31.94 
32.23 
32.51 
32.78 
33.04 
~~.9Q 

33.52 
33.74 
33.95 

34.14 
34.32 
34.49 
34.65 
34.79 
34.93 
35.06 
35.19 
35.30 
35.41 

35.51· 
35.60 
35.69 
35.78 
35.86 

55.54 
55.61 
55.63 
55.63 
55.65 
55.69 
55.75 
55.S6. 

. 56.02 

56.22 
56.48 
56.79 
57.15 
57.58 
58.07 

Velocity 
of80und 

m/s 

512. 
520. 
52S .. 

535. 
542. 

. 550. 

557. 
563. 
570. 
677. 

583. 
600. 
615. 
630. 
645. 
659. 
1i7::! 

687. 
70l. 
714. 

727. 
739. 
752. 
764. 
776. 
788. 
SOO. 
812. 
823. 
835. 

846. 
857. 
868. 
878. 
889. 

1055. 
1019. 
986. 
956. 
928. 
90]. 
876. 
852. 
829. 

806. 
784. 
762. 
74l. 
720. 
699. 
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Thermodynamic properties of nitrogen-Continued 

Temper· Density Isotherm lsochore Internal Enthalpy Entropy 
ature molll derivative derivative energy J/mol J/mol·K 
kelvin 

102 
104 
106 
108 

110 

112 
114 
116 
11R 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
10:; 

190 
195 

200 

210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 

25.39830 
25.02603 
24.64421 
24.25199 

9!\R4R41 

23.43232 
23.00237 
22.55690 
22.09389 
21.61085 
21.10466 
20.57138 
20.00605 
19.40237 

18.75256 
18.04731 
17.27676 
16.43350 
15.51930 
14.55402 
13.57756 
12.63647 
11.76618 
10.98473 

10.29602 
8.93680 
7.96593 
7.24503 
6.68590 
6.23593 
5.86310 
5.54700 
5.27409 
5.03497 

4.112293 

4.46148 
4.16257 
3.90953 
3.69141 
3.50070 
3.33200 
3.18134 
3.04568 
2.92270 

2.81052 
2.70767 
2.61293 
2.52530 
2.44395 
2.36817 
2.29738 
2.23106 
2.16877 
2.11014 

2.05482 
1.95303 
1.86144 
1.77852 

l'barlmol 

59.26 
54.95 
50.84 
46.92 

43.17 
39.58 
36.15 
32.85 
29.70 
26.66 
23.75 
20.96 
18.30 
15.76 

13.39 
11.19 
9.24 
7.57 
6.26 
5.34 
4.78 
4.51 
4.44 
4.52 

4.69 
5.43 
6.34 
7.30 
8.24 
9.15 

10.02 
10.05 

11.65 
12.42 

13.16 

14.58 
15.92 
17.2J 
J8.44 
J9.63 
20.79 
21.92 
23.02 
24.10 

25.16 
26.21 
27.24 
28.25 
29.25 
30.24 
3],22 
32.19 
33.16 
34.ll 

35.06 
36.94 
38.79 
40.62 
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bar'K 

10.90 
10.36 
9.83 
9.33 

8.84 
8.37 
7.91 
7.46 
7.02 
6.59 
6.16 
5.75 
5.34 
4.93 

4.52 
4.12 
3.72 
3.33 
2.96 
2.61 
2.31 
2.05 
1.84 
1.66 

1.51 
1.23 
1.05 

0.9185 
0.8210 
0.7454 
0.6849 
0.6352 

0.5936 
0.5580 

0.5272 

0.4764 
0.4360 
0.4028 
0.3750 
0.3513 
0.3308 
0.3128 
0.2969 
0.2828 

0.2700 
0.2585 
0.2479 
0.2383 
0.2295 
0.2214 
0.2138 
0.2068 
0.2003 
0.1942 

0.1885 
0.1780 
0.1688 
0.1605 

J/mol 

-2144.1 
-2030.3 
-1915.5 
-1799.5 

-1682.1 
-1563.2 
-1442.5 
-1319.9 
-1195.1 
-1067.8 
-937.5 
-803.7 
-665.8 
-523.0 

-374.3 
-218.5 
-54.4 
ll8.9 
301.0 
489.5 
679.6 
865.5 

1042.7 
1208.6 

1362.2 
]695.0 
1969.1 
2202.9 
2409.4 
2596.8 
2770.3 
2933.4 

3088.6 
3237.4 

33111.0 

3656.5 
3920.0 
4174.7 
4422.8 
4665.6 
4904.3 
5]39.5 
5372.0 
5602.1 

5830.2 
6056.6 
6281.6 
6505.3 
6727.9 
6949.6 
7170.4 
7390.6 
7610.2 
7829.3 

8048.0 
8484.4 
8919.9 
9355.2 

-1868.5 
-1750.6 
-1631.5 
-1510.8 

-1388.6 
-1264,4 
-1138.2 
-1009.6 
-878.3 
-743.9 
-605.8 
-463.4 
-315.9 
-162.2 

-1.0 
169.4 
350.8 
544.8 
752.0 
970.5 

1195.1 
1419.4 
1637.6 
1845.8 

2042.0 
2478.2 
2847.8 
3]69.] 
3456.4 
3719.3 
3964.2 
4195.4 

4415.8 
4627.6 

4R::l? 4 

5225.5 
5601.6 
5965.2 
6319.1 
6665.2 
7005.1 
7339.9 
7670.3 
7997.2 

8320.9 
8641.9 
8960.6 
9277.2 
9592.1 
9905.4 

10217.4 
10528.1 
10837.8 
11146.6 

]]454.6 
12068.6 
12680.5 
13291.0 

93.89 
95.04 
96.17 
97.30 

98.42 
99.54 

100.66 
101. 78 
102.90 
104.03 
105.17 
106.33 
107.51 
108.72 

109.97 
ll1.27 
112.63 
114.07 
115.58 
117.15 
lI8.75 
]20.31 
121.82 
123.24 

124.55 
127.41 
129.76 
131. 74 
133.46 
134.98 
136.36 
137.63 

138.80 
139.90 

140Q4 

142.86 
144.61 
146.23 
147.73 
149.14 
150.48 
151. 74 
152.94 
154.09 

155.19 
156.24 
157.25 
158.23 
159.17 
160.07 
160.95 
161.80 
162.63 
163.43 

164.21 
165.71 
167.13 
168.49 

Co 
J/mol·K 

26.94 
26.83 
26.73 
26.64 

26.56 
26.49 
26.43 
26.37 
26.32 
26.27 
26.24 
26.22 
26.21 
26.21 

26.24 
26.29 
26.37 
26.48 
26.61 
26.72 
26.79 
26.77 
26.65 
26.44 

26.18 
25.44 
24.74 
24.15 
23.67 
23.29 
22.98 
2.2.72 
22.51 
22.33 

??lR 

21.95 
21.78 
21.64 
21.54 
21.46 
21.39 
21.34 
21.29 
21.26 

21.23 
21.20 
21.18 
21.17 
21.16 
21.15 
21.15 
21.15 
2Ll5 
21.15 

21.16 
21.19 
21.23 
21.28 

Cp 

Jlmol·K 

58.62 
59.24 
59.93 
60.71 

61.59 
62.57 
63.68 
64.94 
66.39 
68.08 
70.05 
72.39 
75.20 
78.61 

82.76 
87.79 
93.74 

100.35 
106.71 
111.30 
112.78 
111.02 
106.84 
101.22 

94.95 
79.97 
68.52 
60.46 
54.76 
50.61 
47.49 
45.00 

43.16 
41.62 

4.0 ::l4 

38.37 
36.93 
35.83 
34.97 
34.28 
33.72 
33.25 
32.85 
32.52 

32.23 
31.98 
31.76 
31.57 
31.41 
31.26 
31.]3 
31.02 
30.92 
30.84 

30.76 
30.M 
30.56 
30.50 

Velocity 
of sound 

mls 

678. 
658. 
638. 
618. 

598. 
578. 
558. 
537. 
517. 
497. 
476. 
455. 
433. 
411. 

388. 
365. 
342. 
320. 
299. 
282. 
268. 

258. 
252. 
248. 

247. 
247. 
250. 
255. 
261. 
266. 
272. 
277. 

282. 
287. 

?Q9 

302. 
310. 
319. 
327. 
335. 
342. 
349. 
356. 
363. 

369. 
376. 
382. 
388. 
394. 
399. 
405. 
411. 
416. 
421. 

427. 
437. 
446. 
456. 



Temper· 
ature 
kelvin 

480 
500 
520 
540 
560 
5BO 

600 
620 
640 
660 
680 
700 

720 
740 
760 
780 

SOD 
850 
900 
950 

1000 
1050 
1100 
115.0 

1200. 
1250 

1300 
1.350 
1400 
1450 
1500 
1550 

. 1600 

1650 
1700 
1750 

1800 
1850 
]900 
1950 
2000 

+ 64.889 

66 
68 

70 

72 
74 
76 
78 
80 
82 
84 
86 
88 

Density 
mol/l 

1.70305 
1.63402 
1.57060 
L51212 

. 1.45BOO 
1.40775 

1.36096 
1.31727 
1.27638 
1.23802 
1.20195 
1.16798 
1.13591 
1.10559 
].07688 
1.04965 

1.02379 
0.96447 
0.9Il73 
0.86453 

. 0.82202 
0.78354 
0.74853 
0.71653 

0.68718 
0.66014 

0.63517 
0.61203 
0.59052 
0.57048 
0.55176 
0.53423 
0.51778 
0.50232 
0.48776 
0.47402 

0.46104 
0.44875 
0.43710 
0.42604 
0.41552 

51.08896 

30.95594 
30.71069 

30.4::;791 

30.19780 
29.93066 
29.65680 
29.37659 
29;09034 
28.79830 
28.50065 
28.19752 
27.88892 

Isotherm lsochore 
derivative derivative 
l·bar/mol bar'K 

42.44 0.1530 
44.25 0.1462 
46.04 0.1400 
47.111 0.1344 
49.58 0.1292 
51.34 0.1244 

53.10 0.1200 
54.84 0.1158 
56.5!! 0.1120 
58.31 0.1084 
60.04 0.1050 
61. 76 0.1019 
63.48 0.0989 
65;19 0.0961 
66.90 0.0935 
68.61 0.0910 

70.32 0.0886 
74.56 0.0833 
78.80 0.0785 
03.02 0.0143 
87.24 . 0.0705 

91.44 0.0671 
95.64 0.0640 
99.Sa 0.0611 

104.02 0.0585 
108.20 0.0562 

1]2.38 0.0540 
116.55 0.0520 
120.73 0.0501 
124.90 0.0484 
129.07 0.0467 
1.33.23 0.0452 
137.40 0.0438 
141.56 0.0425 
145.72 0.0412 
149.88 0.0400 

154.04 0.0389 
158.20 0.0378 
162.36 0.0369 
166.52 0.0359 
170.67 0.0350 

243.92 

230.77 
209.82 

191.81 

]76.21 
162.58 
150.58 
139.90 
130.32 
121.65 
ll3.n 
106.44 
99.68 

28.94 

27.86 
26.13 

24.60 

23.23 
21.99 . 

20.86 
19.82 
18.84 
17.93 
17.08 
16.28 
15.52 

Internal 
energy 
J/m';1 

9790.4 
lO226.1 
10662.4 
11099.S 
11538.5 
11978.6 

12420.4 
12864.0. 
13309.6 
13757.3 
14207.1 
14659.3 
15113.7 
15570.6 
16029.8 
16491.5 

16955.6 
18126.7 
19312.8 
20515.7 

21728.8 
22957.4 
24198.9 

267]7.6 
27993.5 

29279.4 
30574.7 
31878.8 
33191.3 
34;;11.4 

35838.S 
37173.0 
38513.6 
39860.1 
41212.1 

42569.5 
43931.7 
45298.6 
46669.8 
48045.1 

-, r-. ~ 
.~ 

Enthalpy Entropy 
J/uJOI J/mol·K 

13900.7 169.79 
14510.0 171.03 
15119.3 172.23 
15729.1 173.38 
16339.6 174.49 
16951.1 175.56 

17563.8 176.60 
18178.0 177.6i 
IIi793.8 178.58 
19411.5 179;53 
20031.0 180.46 
20652.5 . 181.36 
21276.2 182.24 
21902.0 183.10 
22530.0 183.93 
23160.4 184.75 

23793.0 185.55 
25384.5 187.48 
26990.5 189.32 
28610.6 191.07 

30244.4 . 192.75 

31891.3 194.35 
33550.6 195.90 
3::;221.9 197.38 

36904.3 198.81 
38597.2 200.20 

40300.0 201.53 
42012.1 202.82 
43732.8 204.08 
45461.7 205.29 
471QR? ?0647 

48941.9 207.61 
50692.2 208.72 
52448.8 209.80 
54211.3 210.85 
55979.4 211.88 

57752.6 212.88 
59530.7 213.85 
61.313.4 214.80 
63100.3 215.73 
64891.4 216.64 

80 bar Isoba~ 

-4111il.ll 

-4124.6 
-4il17.3 

. ~3909.3 

-3801.1 
-3692.8 
-3584.5 
-3476.3 
-3368.3· 
-3260.3 
-3152.4 
-3044.4 
-2936.4 

-il!l2() • .') 

-3866.2 
"-3756.8 

-3646.7 

-3536.2 
-3425.5 
-3314.7 
-3204.0 
-3093.3 
-2982.5 
-2871.7 
-2760.7 
-2649.5 

68.44 
69.36 
71.00 

72.59 

74.15 
75.67 
77.14 
78.58 
79.98 
81.35 
82.69 
83.99 
85.27 

C, 
J/mol·K 

21.34 
21.41 
21.49 
21~58 
21.68 
21.78 

21.89 
22.01 
22.13 
22.25 
22:38 
22.50 
22.63 
22.76 
22.90 
23.03 

23.16 
23.48 
23.79 
24.09 

24.38 
24.65 
24.91 
25.15-

25.38 
25.59 

25.79 
25.98 
26.15 
26.31 
26..17 

.26.61 
26.74 
26.86 
26.9R 
27.09 

27.19 
27.29 
27.38 
27.47 
27.55 

3l.l3 
30.78 
30.40 
30.00 
29.61 
29.25 
28.91 
28.60 
28.32 

Cp 

J/mol·K 

30.47 
30.46 
30.47· 
30.50 
30.55 
30.60 

30.67 
30.75 
30.83 
3Q.93 
31.03 
3l.l3 
31.24 
31.35 
31.46 
31.57 

31.69 
31.98 
32.26 
;l2.::>4 

32.81 
33.06 
33.3] 
33.54 

33.76 
33.96 

34.15 
34.33 
34.50 
34.66 
31.S0 

34.94. 
35.07 
35.19 
!'I!; .,] 

35.41 

35.51 
35.61 
35.70 
35.78 
35.86 

55.31 
55.36 
55.37 
55.37 
55.37 
55.39 
55.44 
55.53 
55.65 

Velocity 
of sound 

rn/s 

465. 
474. 
483. 
491. 
499. 
507. 

515. 
523. 
531. 
538. 
545. 
552. 
559. 
566. 
573. 
579. 

586. 
602. 
618. 
();lil. 

647. 
662. 
676. 
M9. 

703. 
716. 

7.29. 
742. 
754. 
766. 
77S. 

790 . 
802. 
814. 
S2!;. 

836. 

847~ 
858. 
869. 
880. 
891. 

1057. 
1022. 
990. 
960. 
933. 
907. 
882. 
859. 
836. 

835,-
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Temper. 
ature 

kelvin 

90 
92 
94 
96 
98 

100 
102 
104 
106 
108 

llO 
112 
114 
116 
118 
12U 
122 
124 
126 
128 

130 
132 
134 

136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
26Q 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 

Density 
molll 

27.57481 
27.25505 
26.92945 
26.59776 
26.25966 
25.91478 
25.56269 
25.20292 
24.83492 
24.45807 

24.07168 
23.67494 
23.26692 
22.84652 
22.41246 
21.90320 

21.49688 
21.01131 
20.50382 
19.97129 

19.41008 
18.81613 
18.18533 

17.51422 
16.80155 
16.05042 
15.27065 
14.47926 
13.69754 
12.94584 

12.23933 
10.71560 
9.53248 
8.62266 
7.91117 
7.34053 
6.87127 
6.47681 
6.13905 
5.84539 

5.58676 
5.14970 
4.79176 
4.49108 
4.23352 
4.00946 
3.81211 
3.63648 
3.47883 
3.33bZ·' 

3.20653 
3.08781 
2.97864 
2.87781 
2.78434 
2.69737 
2.61621 
2.54024 

< Isotherm 
derivative 
l·bar/mol 

93.37 
87.46 
81.90 
76.64 
71.65 
66.92 
62.42 
58.14 
54.05 
50.16 

46,44 
42.88 
39.49 
36.23 
33.12 
30.14 

27.29 
24.56 
21.96 
19.40 

17.14 
14.96 
12.95 

11.15 
9.60 
8.31 
7.31 
6.60 
6.14 
5.87 < 

5.76 
5.94 
6.52 
7.29 
8.14 
9.00 
9.85 

10.69 
11.50 
12.28 

13.04 
14.50 
15.88 
17.20 
18.46 
19.69 
20.87 
22.03 
23.16 
24.26 

25.35 
26.41 
27.46 
28.49 
29.51 
30.52 
31.51 
32.50 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

14.80 
14.11 
13.46 
12.83 
12.23 
11.66 
lLlI 
10.57 
10.06 
9.57 

9.09 
8.62 
8.17 
7.74 

·7.31 
0.59 

6.49 
6.09 
5.70 
5.32 

4.94 
4.57 
1.21 

3.86 
3.52 
3.19 
2.89 
2.61 
2.36 
2.15 

1.96 
1.60 
1.35 
1.17 
1.03 

0.9262 
0.8440 
0.7773 
0.7219 
0.6752 

0.6351 
0.5697 
0.5183 
0.4767 
0.4422 
0.4129 
0.3878 
0.3659 
0.3466 
0.3295 

0.3142 
0.3003 
0.2878 
0.2763 
0.2659 
0.2562 
0.2473 
0.2390 

Internal 
energy 
J/mol 

-2828.2 
-2719.7 
-2611.0 
-2501.7 
-2392.0 
-2281.6 
-2170.6 
-2058.8 
-1946.0 
-1832.3 

-1717.5 
-1601.5 
-1484.1 
-1365.2 
-1244.7 
-1l22.3 

-997.7 
-870.8 
-741.1 

608.3 

-471.8 
-331.3 
-186.2 

-36.2 
119.0 
278.7 
441.8 
606.0 
768.8 
927.6 

1080.4 
1430.0 
1731.5 
1992.0 
2221.0 
2426.8 
2615.4 
2791.0 
2956.5 
3114.1 

3265.3 
3553.1 
3826.3 
4088.9 
4343.5 
4!>91.8 
4835.3 
5074.7 
5310.8 
5544.2 

5775.2 
6004.3 
6231.6 
6457.5 
6682.2 
6905.7 
7128.4 
7350.2 

Enthalpy 
J/mol 

-2538.1 
-2426.2 
-2313.9 
-2201.0 
-2U1f1.3 

-1972.9 
-1857.6 
-1741.3 
-1023.9 

-1505.2 

-1385.2 
-1263.6 
-1140.3 
-1015.1 

-887.8 
-758.0 

-625.6 
-490.0 
-350.9 
-207.7 

-59.7 
93.9 

253.7 

420.6 
595.1 
777.1 
965.7 

1158.5 
1352.8 
1545.5 

1734.1 
2176.6 
2570.7 
2919.7 
3232.2 
3516.7 
3779.7 
4026.1 
4259.6 
4482.7 

4697.3 
5106.6 
5495.8 
5870.2 
6233.1 
0587.1 

6933.8 
7274.6 
7610.4 
7942.0 

8270.1 
8595.1 
8917.4 
9237.4 
9555.4 
9871.6 

10186.2 
10499.5 

Entropy 
J/mol·K 

86.52 
87.75 
88.96 
90.15 
91.32 

92.47 
93.62 
94.75 
95.80 

96.97 

98.07 
99.17 

100.26 
101.35 
102.44 
103.53 

104.62 
105.72 
106.84 
107.97 

109.11 
110.28 
111.4Q 

112.72 
114.00 
115.31 
116.64 
117.99 
119.33 
120.64 

121. 91 
124.81 
127.31 
129.46 
131.33 
132.98 
134.46 
135.81 
137.06 
138.22 

139.30 
141.30 
143.11 
144.78 
146.32 
147.77 

149.13 
150.41 
151.63 
152.80 

153.91 
154.97 
156.00 
156.98 
157.93 
158.85 
159.73 
160.59 

Co 
J/mol·K 

28.07 
27.85 
27.65 
27.48 
27.32 

27.18 
27.05 
26.93 
20.82 

26.73 

26.64 
26.55 
26.48 
26.41 
26.34 
26.20 

26.23 
26.19 
26.15 
26.12 

26.11 
26.11 
26.12 
26.14 
26.18 
26.23 
26.27 
26.29 
26.27 
26.21 

26.09 
25.63 . 
25.05 
24.49 
24.01 
23.59 
23.25 
22.97 
22.73 
22.53 

22.36 
22.10 
21.90 
21.75 
21.63 
21.54 

21.47 
21.41 
21.36 
21.32 

21.28 
21.25 
21.23 
21.21 
21.20 
21.19 
21.19 
2Ll8 

C. 
J/mol·K 

55.82 
56.04 
56.31 
56.63 
56.99 

57.42 
57.89 
58.42 
59.02 

59.67 

60.40 
61.21 
62.11 
63.11 
64.24 
65.51 

66.96 
68.62 
70.54 
72.75 

75.32 
78.27 
81.63 
85.33 
89.17 
92.77 
95.57 
97.06 
96.99 
95.49 

92.88 
83.75 
74.06 
65.84 
59.44 
54.55 
50.81 
47.89 
45.58 
43.71 

42.18 
39.82 
38.11 
36.82 
35.81 
35.01 

34.36 
33.81 
33.36 
32.98 

32.64 
32.36 
32.11 
31.89 
31.70 
31.54 
31.39 
31.26 

Velocity 
of sound 

mls 

814. 
793. 
772. 
751. 

I 731. 

710. 
691. 
671. 
652. 

632. 

613. 
594. 
575. 
556. 
537. 
518. 

499. 
479. 
460. 
dAO 

420. 
400. 
380. 
360. 
342. 
324. 
308. 
295. 
284. 
276. 

271. 
263. 
262. 
264. 
268. 
273. 
277. 
282. 
287. 
292. 

296. 
305. 
314. 
322. 
330. 
338. 

345. 
352. 
359. 
366. 

373. 
379. 
385. 
391. 
397. 
403. 

408. 
414. 



i:~:feJDjer." D~ii~ity 
" .: ature "m~l/l 

··keiViii 

, a80 

300 

4QO 
420 

'440 
460 
480. 
500 
520 
540 
560 
580 

6oo 
620 ' 
640 

.660' 
680. 

;7.dO 
.720 
140' 

. .160 
789 

800 
850 .. 
. 9oo 
950' 

100<1 
. J050 
no!> 
uSo·· 
12.00 

.1250 

. isoo 
1350 
1400; 

1450 
)500 
1550 
1600 
]650 . 

1700 
.1750 

1800 . 
isM 
J900 
'1950 

2000 

2.46895 
2.40190 

2.33868 
. 2.22245 
2~1l797 

2.02347 
1~93751 
1.85893 
I: 786'77 
L72026' 
].65872 
1.60160 

. 1.548411 
1.49819 
1.45233 

.. 1:40815 

'·1.36778 
1.32919 

. : 1.29.277 
. 1.25834 

1.22573 
1.19481 

1.16544 

'. l.P9806 . 
1.003817 
0.98455 
0.93626 

'0.89254' 
0'.85275 
0.81639 
.o.7l!30!l 
0.75230 

0.72391 
0:69760 
0.67$14 
.0.65034 
0.62905 
O.609U 
0.5904{) 
0~57281 

0,55624 
0.54060 

Q.5258::i 
0.51183 
OA9857 
0.48598 
0.47400 

• 65;]03' 31.10459 
66 . 30:99891 
68 30.75799 ' 

72 
.30;50962 

. 30.2S4Q6 

29.99159' 

...... ". ;" .::/~c'Tii~~"&i~~mi§:~~~~~f~tt~~~~~~~~~t'" ". , .. , 
.' ............ . 

'lIioth~~ , I~hore: . ··int~iDal' . EntliBlpy Entropy . 
d~riviiri~e' '.dmvative energy·' l/mol l/mol-K . 
l·baJ-)Jnol . bar·K J/mol 

33A7 
34.44 

0.2313· 
:·0.;2241 

35.40 0 .. 2174 
.37.30, .' .0.2052 
,39 • .l7 0.1944 

41,03 
·42.86 

44.68. 
. ,%.4.9,' 

411.28 
50.06 

~.Ul47 
0.1759 
0:1681 
0.1609 
.o,i543 
0:1483 

5La3 .... Oil427 

·"S3.59 , 
.'55.35 .' 

57:09 
58.83 
60.57 

. 62:50 
64.02 
b~.i4 

.. 61~46 .. ' 
69j1' 

6.1376 
0.1328 
0.1284 
0:1242 
0.1204 

. '0.1167' 
0.H33 
U;HlJ!' . 

0:1071 
0.1042 

1();86 O.i~1l5 
75.14 .... ' 0.0953 
'79.39' 0':0898 
83;62 

. 87.84 
9.2.05 
96:25 ' 

100.45 . 
104.64 

108.82'. 

113.{)() 
117:18 
121:36 
125:53 . 
129.10 
133jj7 
138:03 . 
142.'19 

·146.36' 
150;52 

. 154:68 
l58~84 
163:00 
]6:7;15 
171.31 

244:58 
234.;()3 
2i3~lh 

.. O:~85O 

.,0.0806 .. 
~.0767 .' 
0,'()731 
0.0699 

.~;Q.669 

.0.'0642 

0;0617 
O~O!iq4 

· 0,0573 
· (j.o5~3 

0;0534 
0;05n 
0.0501 
0:0485 

· 0.0471 

0.0457 

0;0445 
0.(1433 
OJ)42i 
0;0410 . 

.0~0400 

2&:61' 
~1;76 
'26:06 

194:95 '. . . ':24;56 
179;2923:22 
165.'63 > 22:()} 

757103' 
.; 7.79L8 

SOll.8 
8450.6 
8888:4 
9325.5 
9762.6 

10199.8 
10637.7 
11076;4' 
1 Hi16.3. 
11957.(i 

12400.5 
12845;1 
13291.6 
13740.1 
14190~8 

14643:7 
'15098.8 
15556 •. 4 
'16016;2 
16478:5. 

10943.2. 

181l5~5 

19302:8. 
20504:7 
21720.7 
22950.2 
24192:4 
25446.7 
U712.4 

27988.7 

29275;1 
M!i70 . .;l 

31875.5 
33188:3 
34508.8 
351l36.6 
37111.1 
38SH.9· 
39858.7· 
41211.0 

• .4?S6S.6 
'4i\931.0 
45298.1 

'46669.5 
48045.0 

108n.5 
11122;5 

]1432.5 
12050.3 
12665~6 

13279~1 
'13891.6 
1450K4 
1511'5.0 

· 15726.9 
'. '16339.3 

16952,6 

17567;0 
18182.7 
18800.0 
19418.9 
20039.7 
20662.4 
21281.1 
j~1913.9 

22542.9 
23174.1 

,23801.b 

25401.1' " 
27<i08:7 
28630.3. 

·:30265:.3 
.31913.4 

· '33$73.8 
·35245.9, 

... B6?!!?l 

'38622;8 

'~;26.2' . 

161.43· 
· 162.23 

163.02 
164.'53 
165.96 
167.32 
168.62 
'169,87 
. 11Ul7 

J72.23 
173.34 
174:42 

175.46. 
176.47 
177;45 
178.40 

· 179.33 
180.23 
181.11 
181;97 . 

1~,81 

183:62 

IM;43 
186;36 
188;20 . 

189:95 
,HH.63 
193 .. 24 
194:78 
196.27 
197;70 

. ,199,08 

200;42 
· .4203t1.!i;2oL71 

43760.2 202.96 
45489.'$. " .204.18 
47226:5 . :. 205.35 

. 48970.6.' 206.50 

. 50721;3 207.61 
52478.2" 208:69· 
54241.0209~ 74 
56009.4 : 210;77 

5778~!;8 
59561;2 . 

· 61344~1;' . 

.. 63131.2 
64922;5 

.. 2lL71 
212;14 
21lk69 .' 
214.62 

· 215.i;3 

90 bar Isobar: 

A132.5 
'c.402,5,7 

'c.3918.4 
,'-3810.8 
"-3703..2' 

,::..3623.4 

-:-3513:4 
~3403a.··;. 

68i50 
'69.24 
·'70;87 

,72;4(; 

74;01 
7S:S:!· 

. ·Co' 
,J/mo}'·K 

2Ll8 
21.19 

21:20 
21.22 
21.26' 
21.31 
21.37 
21.44 
21.'52' 
21.60 
~~1.70 

21.80 

21.91 
22.03 
22.14' 
22.27 
22.39 
22.S2 ' . 

.22.65 
22.78 
22.91 
'23.04 ' 

23.17 

23.49 
'23110 

24.10 
24.39 
24.66 . 
24.92 
25.16 
25.39 

25.60 

25~80 
25.99 

26.16 
26.32 
26.47 
26.61 

:.26.74' . 
·26.87 
26.99 

. ,27.09 

27;20 
27~29 

27.38 
. 27<47. 

'27.55 

31.42 
3U)6' 

.3LlS, 
31.05· 

30;96 " 
' .. 30 .. 82' 

. 30.72. 
30;65 . 

30.60 
30;58· 
3O.~. 

30,60' 
'30:64', 

30.69 

30:75 
30~82 
30.00 

,30.99.' 
.31;09 
aU9 

,31;29" 
·31.40 ' 

. :31.50 
'31.62' 

3t73.;; 
32.01' 

. ,'.32.29" 
'32;57 
'32.83" 
.33.09'" 
33,33' 
:33.56. 
·3lh77. 

33,97 

34.1Ci 
B4~24 

-34:51:. 
·34:66' 
34;81 
34;95 
35:08 

'35;20.' 
-35.31 . 
.35.42 . 

: 35!'52 
':35:61 
"35.70' 
.:35;78: 
35;86 

· 419.' 
· ,424. 

430:. 
440, 

450. 
459. 
468~ 
47.7. 
486;' 
494 •. 
502 .. 
'S10, 

518':-
. 526.' 
'533. 

· 541. 

·548; . 
555. 

· 562. 
569: 
575.~ 

582; 

589; 
605 •.. 

"620. 
635. 

.650. 
664. 
618 •. 

692,. 
70S. 

7l8~ 

731. 
744. 

'756. 
. 768: 

78(1; 

, 792,.· 
804, 
815. 
827. 

.-838: 

'849. 
'860, 
811: .' 

882. 
.892: 

55.08". . . 1059. 
.$;13 i024, 



838 

Temper· 
ature 
kelvin 

76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
102 
104 
106 
108 

no 
ll2 
114 
116 
ll8 
120 
122 
124 

126 
128 

130 
132 
134 
136 
las 
140 
142 
144 
146 
148 

150 
ISS 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 

Density 
mol/l 

29.72256 
29.44732 
29.16621 
28.87951 
28.58746 
28.29018 
27.98777 

27.68022 
27.36746 
27.04935 
26.72571 
26.39631 
26.06086 
25.71903 
25.37046 
25.01473 
24.65139 

24.27993 
23.89978 
23.51028 
23.11070 
22.70017 
22.27773 
2}.84222 
21.39233 

20.92653 
20.44310 

19.94014 
19.41562 
18.86756 
18.29428 
17.69192 

17.07014 
16.42291 
15.75926 
15.08826 
14.42108 

13.76921 
12.26537 
10.99584 
9.96181 
9.12657 
8.44664 
7.88479 
7.41266 
7.00951 
6.66031 

6.35402 
5.83946 
5.42106 
5.07171 
4.77396 
4.51605 
4.28968 
4.08884 
3.90903 
3.74679 

3.59943 

Isotherm 
derivative 
I·bar/mol 

153.59 
142.89 
133.29 
124.61 
116.69 
109.41 
102.66 

96.37 
90.47 
84.93 
79.68 
74.72 
70.01 
65.53 
61.26 
57.20 
53.32 

49.62 
46.09 
42.72 
39.50 
36.42 
33.48 
30.67 
27.98 

25.41 
22.98 

20.67 
18.50 
16.47 
14.62 
12.95 

11.48 
10.24 
9.23 
8.44 
7.87 

7.47 
7.08 
7.24 
7.72 
8.38 
9.13 
9.92 

10.72 
11.51 
12.29 

13.05 
14.52 
15.92 
17.26 
18.55 
19.80 
21.01 
22.19 
23.34 
24.46 

25.57 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

20.90 
19.88 
18.92 
18.03 
17.19 
16.40 
15.65 

14.94 
14.27 
13.62 
13.01 
12.42 
11.85 
11.31 
10.78 
10.28 
9.79 

9.32 
8.87 
8.43 
8.00 
7.58 
7.18 
6.78 
6.40 

6.03 
5.66 

5.31 
4.96 
4.62 
4.29 
a.96 

3.66 
3.36 
3.09 
2.R!! 
2.60 

2.39 
1.97 
1.66 
1.43 
1.26 
1.12 
1.02 

0.9318 
0.8610 
0.8015 

0.7509 
0.6690 
0.6055 
0.5545 
0.5125 
0.4772 
0.4470 
0.4209 
0.3980 
0.3777 

0.3596 

Internal 
energy 
J/mol 

-3595.7 
-3488.3 
-3381.0 
-3273.9 
-3166.8 
-3059.R 
-2952.7 

-2845.5 
-2738.1 
-2630.5 
-2522.5 
-2414.1 
-2305.2 
-2195.8 
':"2085.6 
-1974.8 
-1863.1 

-1750.6 
-1637.0 
-1522.4 
-1406.6 
-1289.6 
-llil.] 
-1051.0 
-929.2 

-805.5 
-679.6 

-551.4 
-420.5 
-286.9 
-150.1 

10.4 

132.4 
277.6 
424.6 
57? 0 

718.6 

862.9 
1205.8 
1516.0 
1792.2 
2038.3 
2259.9 
2462.3 
2649.7 
2825.3 
2991.6 

3150.4 
3450.5 
3733.4 
4003.9 
4265.0 
4518.8 
4767.0 
5010.5 
5250.3 
5486.9 

5720.8 

Enthalpy 
J/mol 

-3292.9 
-3182.7 
-3072.4 
-2962.2 
-2852.0 
-2741.6 
-2631.1 

-2520.4 
-2409.3 
-2297.8 
-2185.8 
-2073.2 
-1959.9 
-1845.8 
-1730.9 
-1615.0 
-1498.0 

-1379.9 
-1260.5 
-1139.6 
-1017.2 
-893.1 
-767.1 
-639.0 
-!>Ull.!> 

-375.4 
-239.4 

-100.0 
43.0. 

190.2 
341.8 
499.a 

659.6 
825.6 
995.7 

1168.5 
1342.7 

1516.5 
1939.6 
2334.5 
2695.6 
3024.4 
3325.4 
3603.7 
3863.8 
4109.3 
4342.9 

4566.8 
4991.7 
5393.6 
5778.4 
6150.2 
6511.7 
6865.1 
7211.6 
7552.7 
7888.9 

8221.2 

Entropy 
J/mol·K 

76.99 
78.42 
79.81 
81.18 
82.50 
8.~.RO 

85.07 

86.32 
87.54 
88.74 
89.92 
91.08 
92.22 
93.35 
94.47 
95.57 
96.66 

97.75 
98.82 
99.89 

100.96 
102.02 
103.08 
104.13 
105.20 
106.26 
107.33 

108.41 
109.50 
110.61 
II 1. 73 
112.00 

ll4.04 
115.21 
ll6.4O 
117.59 
118.78 

119.95 
122.72 
125.23 
127.45 
129.42 
131.16 
132.73 
134.15 
135.46 
136.68 

137.81 
139.89 
141.76 
143.47 
145.05 
146.52 
147.91 
149.22 
150.46 
151.64 

152.77 

C. 
J/mol·K 

30.65 
30.24 
29.84 
29.46 
29.10 
28.78 
28.49 

28.23 
28.00 
27.79 
27.61 
27.44 
27.29 
27.15 
27.02 
26.91 
26.80 

26.71 
26.62 
26.53 
26.45 
26.38 
26.31 
26.24 
2b.ll! 

26.13 
26.08 

26.04 
26.00 
25.98 
25.96 
25.95 

25.95 
25.95 
25.94 
25.93 
25.90 

25.84 
25.57 
25.16 
24.69 
24.24 
23.83 
23.48 
23.18 
22.92 
22.71 

22.52 
22.23 
22.01 
21.85 
2L72 
21.62 
21.54 
21.47 
21.42 
21.37 

21.33 

Cp 

J/mol·K 

55.13 
55.11 
55.10 
55.11 
55.14 
55.21 
55.31 

55.45 
55.64 
55.87 
56.14 
56.46 
56.83 
57.24 
57.70 
58.21 
58.77 

59.38 
60.06 
60.80 
61.61 
62.51 
63.51 

.64.62 
65.8b 

67.25 
68.81 

70.56 
72.52 
74.67 
77.01 
79.45 

81.88 
84.09 
85.84 
86.90 

87.13 

86.53 
82.16 
75.64 
68.86 
62.80 
57.77 
53.71 
50.45 
47.83 
45.69 

43.93 
41.22 
39.25 
37.77 
36.63 
35.71 
34.97 
34.36 
33.85 
33.42 

33.05 

Velocity 
of sound 

m/s 

993. 
964. 
937. 
912. 
888. 
866. 

843. 

822. 
801. 
781. 
761. 
741. 
721. 
702. 
683. 
665. 
646. 

628. 
609. 
591. 
573. 
555. 
537. 
519. 
!>u!. 

483. 
465. 

447. 
429. 
411. 
393. 
376. 
360. 
344. 
330. 
318. 

307. 

299. 
285. 
279. 
277. 
278. 
281. 
285. 
289. 
293. 
297. 

301. 
310. 
318. 
326. 
334. 
342. 
349. 
356. 
363. 
370. 

376. 



Tempel" 
ature. 
kelvin 

310 

320 

330 

340 

350 
360 

370 

380 
390 

400 

420 
440 

460 

480 

500 
520 

.540 
560 

580 

600 

620 
640 
660 

680 

700 

720 

740 

760 
780 

800 

850 
900 
950 

1000 

1050 

1100 
1150 
1200 
1250 

1300 
1350 

1400 
1450 

1500 

1550 

1600 
1650 

1700 

1750 

1800 
1850 

1900 

1950 
2000 ' 

Density 
mol/l ' 

3.46481 
3.34120 ' 

3.22720 

3.12162 

3.02350 
2.93201 

2.8464,5 

2.76622 
2.69080 

2.61974 

2.48919 
2.37195 

2.26598 

2.16965 

2.08163 
2.00084 

1.92639 

1.85753 

1.79363 

1.73415 

1.67864 
1.62669 
1.57796 

1.53216 

1.48901 

1.44830 

1.40981 

1.37336 
1.33879 

1.30595 

1.23063 
1.16367 
l.I0372 

1.04972 

1.00082 

0.95632 
0.91564 

0.87831 

0.84393 

0.81216 
0.78270 

0.75532 
0.72900 

0.70596 

0.68363 

0.66268 
0.()4~Y8 

0.62441 

0.60690 

0.59034 
0.57466 

0.55980 

0.54569 

0.53227 

~THI:RMODYNAMIC· ,PROPERTIESOt NiTROGEN' , 

Isotherm 
derivative 
'l·bar/mol 

26.65 

27.71 

28.76 

29.79 

30.82 
3].82 

32.82 

33.81 
31.79 

35.76 

37.68 

39.58 

41.45 

43.30 

45.13 
46.95 

48.75 

50.54 

52.33 

54.10 

55.86 
57.62 
59.36 

61.11 

62.84 

64.57 

66.30 
68.02 

69.74 

71.45 

75.72 

79.98 
84.22 

88.44 

92.66 

96.87 
101.07 

105.26 
109.45 

, 113.63 
117.81 

12i.99 
126.16 

130.33 

134.50 

138.67 
142.83 

146.99 

151.16 

155.32 
159.47 

163.63 

167.79 

171.95 

Thermodynamic properties of nitrogen-Continued 

Isochore 
' derivative 

bar·K 

0.3434 

0.3286 

0.3153 

0.3030 

0.2918 
0.2814 

0.2718 

0.2629 
0.2546 

0.2468 

0.2327 

0.2202 

0.2091 

0.1991 

0.1901 
0.1819 

0.1744 

0.1675 

0.1612 

0.1553 

0~1499 
0.1449 
0.1402 

0.1358 

0.1316 

0.1278 

0.1241 

0.1207 

0.1174 

0.1144 

0.,1074 

0.1012 
0.0957 

0.0908 

0.0864 

0.0823 
0.0787 
0.0754 
0.0723 

,0.0695 

0.0669 

0.0645 
0.0622 

0.0601 

0.0582 
0.0563 
U;Ua4!l 

0.0530 

0.0515 

0.0500 
0.0487 

0.0474 

0.0462 

0.0450 

Internal 
energy 
J/mol 

5952.5 

6182.3 

6410.4 

6637.0 

6862.5 
7086.8 

7310.2 

7532.8 
7751.7 

7976.1 

8417.3 

8857.2 

9296.3 
, 9735.0 

10173.9 
10613.2 

11053.3 

11494.4 

11936.8 

12380.7 

, 12826.3 
13273.7 

13723.1 

14174.6 

14628.2 

15084.1 

15542.3 

16002.8 

16465.6 

16930.9 

18104.5 

19292.9 
20495.8 

21712.7 

22943.0 

24185.9 
25440.9 

26707.1 
27984.0 

29270.9 
, 30567.2 

31872.2 
33HI5.4-

34506.3 

35834.3 

37169.1 
, 38alO.2 

39857.3 

,41209.9 

42567.6 

43930.3 

45297.6 

46669.2 

48044.9 

Enthalpy 
J/mol 

- 8550.1 

8875.9 

9199.2 

9520~2 

9839.1 
10156.4 

10472.1 

10786.4 
11099.5 

11411.5 

12032.9 

12651.5 

13268.1 

13883.2 

14497.4 
15111.3 

15725.2 

16339.5 

16954.6 

17570.6 

18187.8 
1AAIlti.4 
19426.7 

20048.6 

20672.5 

21298.3 

21926,1 

22556.1 

23188.1 

23822.4 

25417.8 

27027.1 
28650.1 

30286.4 

31935.6 

33597.0 
35270.0 

36954.0 
38648.4 

40352.5 
42065.8 

43787.6 
45517.4-

47254.8 

48999.3 
50750.4 
::'2:,01:1 

54270.8 
, 56039.4 

57813.1 
5959J.7 

61374.8 

63162.2 

64953.6 

Entropy 
J)rnol,K 

153.84 

154.88 

155.87 

156.83 

157.76 
158.65 

159.51 

160.35 
1\\1.17 

16L96 

163.47 

164.91 

166.28 

167.59 

168.84 
170.05 

171.21 
, 172.32 

173.40 

174.45 

175.46 
176.44 
177.39 

178.32 

179.23 

1BO.II 
180.97 

181.81 

182.63 

183.43 

185.37 

187.21 
188.96 

190.64 

192.25 

193.80 
195.28 

196.72 
198.1() 

199,44 

200.73 

201.98 
203.20 

204.37 

205.52 
206.63 
~U1.t1 

208.76 

209.79 

210.79 
211.76 

212.71 

213.64 

214.55 

Co 
J/mol·K 

21.30 

21.28 

21.26 

21.24 

21.23 
21.22 

21.22 

21.22 
21.22 

21.23 

21.25 

21.29 

21.33 

21.39 

21.46 
21.54 

21.63 

21.72 

21.82 

21.93 

22.04 
22.16 
22.28 

22.41 

22.53 

22.66 
22.79 

22.92 

23.05 

23.18 

23.'50 

23.81 
24.11 

24.40 

24.67 

24.93 
25.17 

25.39 
25.61 

25.80 
25.99 

26.16 
26.32 

26.48 

26.62 
26.75 
~o.8~' 

26.99 

27.10 

27.20 
, 27.30 

27.39 

27.47 

27.55 

Cp 

J/mol·K 

32.73 

32.45 

32.21 

31.99 

3L81 
31.64 

31.50 

31.37 
31.26 

31.16 ' 

30.99 

30.87 

30.79 

30.73 

30.70 
30.69 

30.70 

30.73 

30.77 

30.83 

3Q.90 
30:97 

31.05 

31.14 

31.24 

31.34 

31.44 

31.55 

31.66 

31.77 ' 

32.05 

32.32 
32.59 

32.86 

33.11 

33.35 
33.57 
33.79 

33.99 

34.18 
34.35 

34.52 
34.67 

.34.82 

34.96 

35.09 
35.21 

35.32 

35.42 

35.52 
35.62 

35.71 

35.79 
, 35.87 

Velocity 
of sound 

m/s 

382. 

388. 

394. 

400. 

406. 
412. 

417. 

422. 
429. 

433. 

443. 

453. 
462. 

471. 

480. 
489. 

497. 
505. 

513. 

52l. 

529. 
5!16. 

543. 
551. 

558. 

565. 

571. 
578. 

585. 

591. 

607. 

622. 
637. 

652. 

666. 

680. 
694. 

707. 
720. 

733. 
746. 

758. 
770. 

782. 

794. 

806. , 
817. 

829. 

840. 

851. 
862. 

873. 

883. 
894. 
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Temper· Density 
ature mol/l 
kelvin 

+ 65.:)10 31.12052 

66 31.04140 
68 30.80458 

IU 

72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
102 
104 
106 
108 

110 
112 
114 
116 
118 
120 

122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 

144 
146 
148 

ISO 

155 
160 
165 
170 
175 
]80 
]85 

30.56U51 

30.30936 
30.05142 
29.78704 
29.51659 
29.24041 
28.95883 
28.67209 
28.38038 
28.08381 

27.78242 
27.47620 
27.16507 
26.84889 
26.52750 
26.20068 
25.86818 
25.52972 
25.18500 
24.83366 

24.47535 
24.1096~ 

23.73607 
23.35414 
22.96327 
22.S621l2 

22.15207 
21.73020 
21.29629 
20.84934 

20.38830 
] 9.91208 
19.41963 
18.91011 
18.38307 
17.83872 
17.27828 

16.70431 
16.12090 
15.53361 

14.94906 
. 13.54356 

12.28063 
11.1949] 
10.28200 
9.5]909 
8.87897 
8.33681 

Isotherm 
derivative 
I· bar/mol 

245.27 

237.29 
216.21 

198.08 

182.38 
168.66 
156.59 
145.86 
136.25 
127.56 
119.64 
112.35 
105.61 

99.33 
93.45 
87.92 
82.69 
7i.74 
73.05 
68.58 
64.33 
60.28 
56.42 

52.74 
49.2~ 

45.88 
42.68 
39.62 
36.70 

33.92 
31.26 
28.72 
26.31 

24.02 
21.86 
19.83 
17.95 
16.22 
14.66 
13.27 

12.08 
11.08 
10.26 

9.62 
8.68 
8.42 
8.57 
8.99 
9.57 

10.24 
10.96 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

20.29 

27.67 

26.00 

24.53 

23.22 
22.03 
20.94 
19.94 
19.00 
18.13 
17.30 
16.52 
15.79 

15.09 
14.42 
13.79 
13.18 
12.60 
12.04 
11.50 
10.99 
10.49 
10.01 

9.55 
910 

8.66 
8.24 
7.84 
7.11 

7.06 
6.68 
6.32 
5.97 

5.63 
5.29 
4.97 
4.65 
4.35 
4.05 
3.17 

3.50 
3.25 
3.01 

2.80 
2.33 
1.98 
I. 71 
1.50 
1.33 
1.20 
1.10 

Internal Enthalpy 
energy J/mol 
J/mol 

100 bar Isobar 

···4176.1 

-4140.1 

-4034.0 

-3~ln.3 

-3820.4 
-3713.4 
-3606.6 
-3499.9 
-3393.4 
-3287.0 
-3180.8 
-3074.6 
-2968.4 

-2862.2 
-2755.8 
-2649.3 
-2542.5 
-2435.3 
-2327.7 
-2219.7 
-2111.1 
-2002.0 
-1892.1 

-1781.6 
-1670.2 

-1558.0 
-1444.8 
-1330.7 
-1!l15.1 

-1099.0 
-981.3 
-862.2 
-741.5 

-619.2 
-495.2 
-369.2 
-241.4 
-11 1.5 

20.3 
J!)j.H 

288.7 
424.3 
560.0 

694.9 
1023.1 
1330.3 
1611.9 
1867.8 
2100.7 
2314.3 
2512.0 

-3054.0 

-3818.0 

-3709.4 

-3000.1 

-3490.4 

-3380.7 
-3270.9 
-3161.1 
-3051.4 
-2941.7 
-2832.0 
-2722.2 
-2612.4 

-2502.3 
-2391.9 
-2281.2 
-2170.0 
-2058.3 
-1946.1 
-1833.1 
-1719.4 
-1604.9 
-1489.4 

-1373.0 
-1255.4 

-1l36.7 
-1016.7 

-895.2 
-772.2 

-647.6 

-521.1 
-392.6 
-261.9 

-128.8 
7.0 

145.7 
287.5 
432.5 
580.9 
7j2.6 

887.3 
1044.7 
1203.8 

1363.9 
1761.5 
2]44.6 
2505.1 
2840.3 
3151.2 
3440.5 
3711.5 

Entropy 
J/mo)·K 

60.56 

69.12 
70.74 

12.j2 

73.87 

75.37 
76.84 
78.26 
79.65 
81.00 
82.33 
83.62 
84.88 

86.12 
87.33 
88.52 
89.69 
90.84 
91.98 
93.09 
94,20 

95.29 
96.37 

97.44 
!Ill. 50 

99.55 
100.59 
101.63 
]02.66 

103.69 
104.72 
105.75 
106.78 

107.81 
108.85 
109.89 
1l0.94 
1I2.oo 
113.06 
1l4.14 
1I5.22 
116.31 
117.39 

118.46 
121.07 
123.51 
125.72 
127.73 
129.53 
131.16 
132.64 

Co 
J/mol·K 

31.70 

31.32 
30.90 
30.47 
30.05 
29.66 
29.29 
28.96 
28.66 

28.39 
28.14 
27.92 
27.73 
27.55 
27.39 
27.25 
27.12 
26.99 
26.88 

26.78 
26.68 

26.58 
26.50 
26.41 
26.33 

26.26 
26.19 
26.12 
26.06 

26.00 
25.95 
25.90 
25.86 
25.82 
25.79 
25.76 
25.73 
25.69 
25.66 

25.61 
25.42 
25.13 
24.76 
24.37 
23.99 
23.65 
23.35 

C. 
J/mol·K 

54.86 

54.90 
54.89 
54.87 
54.85 
54.84 
54.86 
54.91 
54.99 

55.11 
55.27 
55.46 
55.70 
55.98 
56.30 
56.65 
57.05 
57.49 
57.97 

58.50 
59.07 

59.69 
60.36 
61.09 
61.09 

62.77 
63.73 
64.78 
65.94 

67.21 
68.59 
70.09 
71.69 
73.36 
75.03 
76.64 
78.06 
79.18 
79.89 

80.10 
78.46 
74.54 
69.58 
64.54 
59.91 
55.92 
52.56 

Velocity 
of sound 

m/s 

1061. 

1027. 

996. 
968. 
942. 
918. 
894. 
872. 
851. 

830. 
809. 
790. 
770. 
751. 
732. 
713. 
695. 
677. 
659. 

641. 
624. 

606. 
589. 
572. 

538. 

521. 
504. 
487. 

471. 
454. 
438. 
421. 
406. 

390. 
376. 
362. 
349. 
338. 

328. 
309. 
299. 
293. 
292. 
292. 
294. 
297. 



Temp~r' 
"ature 
ke1~in 

190 
195 

200" 
210 
220 
230 
240 
250 
260 
270 
2S0 
290 

300 
310 
320 
330 

, 340 

350 
'360 
370 

3S0 
390 

400 

420 
440 
460 
480 
500 
520 
540 

.560,' 
580 

600 
620 
640 
660 
680 
7.00 
720 
740 
760 
780 

800 
850 
900 
9:;0 

1000 
1050 
lIOO 
1150 
1200 
1250 

1300 
1350 
1400 
1450 
1500 
]550 

. Density 

molJI 

7.87234 
7:46975 

., 

7.11693 
,6.52567 ' 
6.04691 
5.64881 
5.31079 
5.01894 
4.76352 
4.53746 
4.33549 . 

4.15361 

3.98867 
3.8382.1 
3.70024 

. 3.:;7312 

3.45552 
3.34633 
3.24459 
1l.14951 

3.06042 
2.97672 

2RQ7RQ 

2.75318 
2.62332 
2.50601 
2.39943 
2.30209 
2.21278 
2.13050 . 
2.05441 
1.98382 

1.91813 
1.85682 
1.79946 
1.74565 
1.69508 
1.64745 
1.60250 
1.56000 
1.51976 
1.48159 

1.44534 
1.36218 
1.28824 
1.22204 

1.16240 
1.10839 
1.05923 
1.01428 

0.97304 
0.93504 

0.89992 
0.86736 
0.83709 
0.80887 
0.78250 
0.757S1 

Isotherm 
deri"ati~e 
l·bar/mol 

11.70 
12;45' 

13.19 
14.65 
16.05 
'17.41 
18.71 
19.98 
21.21 
22.40 
23.57 

, 24.71 

--·25.S2 
26.92 
28.00 
29.06 

30.11 
31.14 
32.16 
1l1l;T7 

. 34.17 
35.16 

.AA.14 

3S.08 
39.99 
41.88 
43;75 
45.59 
47.42 

,49.24 
·51.04 
52.83 

54.61 . 
56.38 
58.15 
59.90 
61.65 

. ,63.39 
65.13 
66:86 
68:59 
70;31 

72.03 
76.Si 
80.57 
64:82 
89.05' 

93.27, 
97.48 

101.69 

105.S9 
110.08 

114:26 
I1S.44 
122,62 
126:80 
130;97 
135.14 

lsOchnre 
deri~ati~e 

bar.·K 

1.01 
0.9361 

0.8739 
0.7740 
0.6971 
0.6359 
0;5858 
0.5440 
0.5084 

0.4777 
·0.4509 
0.4273 

0.4063 
0.3874. 

. 0.3704 
0.:):;:;0 

0.3409 
0.3280 
0.3161 
0.3051 

0.2949 
0.2855 

0.2766 

0.2606 
0.2464 
0:2338 
0.2225 
0;2123 
0.2031 
0.1946 
0.1869 
0.1798 

0;1732 
0.1671 
0;1614 
0.1562 
0.1512 
0.1466 
0.1423 
0.1382 
0~1344 

0.1307 

0.1273 
0;1195 
0.1126 
0.1064 

0.1010 
0;0960 
0.0915 
0.0875 

OJl838 
0.OS04 

0.0772 
'0.0743 
0.0716 
0.0691 
0.0668 
0,0646 

-
,",'.' 

Internal 
energy 
J/~ol 

·2696.8 
2871.3 

3037.2 
3349.3 
3641.8 
3919.9 
4187.5 
4446.S-
4699.6 

4947.2 
5190.6 
n430.4 

5667.2 
5901.5 
6133.6 
6363.8 

6592.5 
6S19.7 
7045.8 
7270.9 

7494;8 
7718.1 

'7940.7 

8384.4 
.8826.4 
9267.3 
9707.8 

1014!l2 
10589;0 
11030.4 
11472.7 
11916;2 

12361.1 
12807.7 
13256.0 
13706.2 
14158.5 
14612.9 
15069.5 
15528:a 
15989:4 
16452.9 

16918.7 
18093.6 
19283;1 
.20487.0 

21704.7 
22935.S 
24179.4 
25435.0 

26701.9 
27979.3 

29266.7 
'30563.4 
31868.8 
33182.4, 
34503.7 
358!12.1 

Enthalpy 
J/mol 

3967:1 
4210.0 

4442.3 
4881.7 
5295:5 

5690.2 
6070.4 
6439.2 
679l!.9 

7151.1 
.7497.1 
7837.!j 

8174;3 
8506.9 
8836.1 
9162.::> 

9486.4 • 
9808.1 

10127.8 
10415.9 

10762.4 
11077.5 

11391.5 

12016.5 
12638.3 
13257:7 
13875.5. 
14492:1 
15108.2 
15724.1 
16340.2 

'16957.0 

17574.6 
18"193;2· 
18813.3 
19434.8 
20057.9 
20682.9 
21309.7 

, 21938.5 
22569.4 
23202.4 

23837.5 
25434.7 
27045.6 
28670.0 
30307.6 . 

. 31957.9 
33620.3 
85294,2 

36979.0 
38674.1 

. 40378.9 
42092.7 
43S15.0 
45545.4 
47283.2 

.49028.1 

Entropy· '. 
J/mol,K 

134.01 
135.27 

136.45 
· 138.59 

140.&2 

142.27 
· 143.89 

145;39 
146;l!1 

148.13 
149.39 
150.'59 

151.73 
152.82 
153.87 
1::>4.87 

155.84 
156.77 

· 157.67 
ISS.51 

159.39 
160.20 

161.00 
, 162.52 

163.97 
165.35 
166.66 
167.92 
169.13 
170.29 
171.41 
172.49 

173.54 . 
174,55 .. 
175.54 
176.49 
1-77.42 
17iL33 
179.21 
lBO.07 
180.92 
181.74 

IS2.54 
.184.48 
186.32 
100.00 

189.76 
1!)1.37 
192.91 
194,;-10 

195.84 
197.22 

19S.56 
199.S5 
201.10 
202.32 
203.50 
204.64 

C~ 
J/mol·K 

23.09 
22.86 

22.67 
22.35 
22.1:! 

21.94 
2].80 
21.69 
2).61 

.2].53 
21.47 
2].42 

21.38 
21.35 
21.32 ' 
21.30 

21.28 
.21.27 
21.26 
21.26 

21.25 
21.26 

21.26 

21.28 
21.31 
21.36 

,21.42 
21.48 
21.56 
21.65 
21.74 
21.84 

21.95 
22:06 
22.18 
22.30 
22.42 
22:55 
22.68 
22.81 
22.94 
23.07 

23.19 
23.51 
23.83 

.24.,1.2 

24.41 
24.68 

'24.94 
25.18· 

25.40 
25.61 

25.81 
26.00 
26.17 
26.33 
26.48 
26.62 

'Cp 

J/mol·j( 

49.77 . 

47.46 

45.53 
42:52 

,40.34 
38,69 
37.41 
36.39 
35:57 

34.89 
M.33 
33.85 

33.44 
33~Q8 . 

, 32.78 
32.:;1 
32.27 . 

32.'07 
31.88 
31.72 
'3U;S 
·31.46 

31.34 

3U6 
in.02 
30;92 
30.S5 
30.81 
30.80 
30;80 
30.82 
30.86 

30.90 
30;97 
31;04-' . 
3i.]2 
31.20 
31.29 
31.39 . 
in.49 
31:60 
31.70 

3].in 
32.08 
32.35 
32.62 

32:88 
. 33:13 

33.37 
sa.59 

'33.80 . 

34:00 

34.19 
34:36 
34.53 
34.68 
34.83 
34.96 

..•. "' 

Velo<iliy 
ofsobnd 

'm/s' 

, 300. 

304. 

308. 
.. 315." 

1123. 

.331. 
339. 
346,' 
353. 

360. 
367. 
373. 

380. 
386. 

.392. 
398. , 

'404. 
409. 
415. 
420 .. 

426. 
431. . 

436. 

446. 
456: 
465. 
474. 
483. 
492. 
500. 
50S. 
516. 

524. 
532~ 

539. 
546~ 

.553. 
560. 
"567. 
574, 
581. 
587. 

594. 
610. 
625; 
640. 
654 . 

'669. 
682. 
696. 
709; 
722 • 

'735. 
748. 
760. 
772. 
784. 
796. 

>,'-

" 
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Temper. 
ature 
kelvin 

1600 
1650 
1700 
1750 

1800 
1850 
1900 
1950 
2000 

Density 
mol/I 

0.73463 
0.71283 
0.69230 
0.67292 

0.65459 
0.63724 
0.62079 
0.60517 
0.59032 

• 65.745 31.15324 
66 31.12455 
68 30.89575 

70 
72 
74 
76 

78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
102 
J04 
106 
JU8 

110 
112 
114 
]16 

118 
120 
122 
124 
126 
128 

130 
132 
134 
136 

138 
140 
142 
144 
146 
148 

150 

30.65992 
30.41722 
30.16793 
29.91239 

29.65099 
29.38412 
29.11213 
28.83531 
28.55392 
28.26813 

27.97806 
27.68376 
27.38525 
27.08249 
26.77539 
26.46385 
26.14774 
25.82689 
25.50115 
25.17030 

24.83417 
24.49253 
24.14515 
23.79179 
23.43220 
23.06609 
22.69315 
22.31308 
21.92552 
21.53013 

21.l2656 
20.71447 
20.29356 
19.86:>64 

19.42464 
18.97670 
18.52025 
18.05608 
17.58543 
17.11003 

16.63211 

Isotherm 
derivative 
1· bar/mol 

139.31 
143.47 
147.63 
151.79 

155.95 
160.11 
164.27 
168.43 
172.58 

246.77 
243.81 
222.59 

204.34 
188.52 
174.71 
162.56 

151. 77 
142.1I 
133.39 
12S.4S 
118.17 
111.43 

105.17 
99.30 
93.79 
88.59 
83.67 
79.00 
74.56 
70.33 
66.30 
62.47 

58.81 
55.32 
51.99 
48.81 
45.78 
42.89 
40.13 
37.50 
34.99 
32.60 

30.33 
28.18 
26.15 
21.21 

22.46 
20.80 
19.27. 
17.88 
16.64 
15.53 

14.58 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.0626 
0.0607 
0.0589 
0.0572 

0.0556 
0.0541 
0.0526 
0.0513 
0.0500 

27.69 
27.46 
25.86 

24.45 
23.19 
22.06 
21.0) 

20.05 
19.15 
18.30 
1751 

16.76 
16.04 

15.36 
14.72 
14.10 
13.51 
12.94 
12.39 
11.87 
11.37 
10.88 
10.41 

9.96 
9.53 
9.Il 
8.70 
8.30 
7.92 
7.55 
7.19 
6.85 
6.51 

6.18 
5.87 
5.56 
5.27 

4.98 
4.70 
4.44 
4.18 
3.94 
3.71 

3.49 

Internal 
energy 
J/mol 

37167.2 
38508.6 
39855.9 
41208.7 

42566.7 
43929.6 
45297.] 
46668.9 
48044.7 

Enthalpy 
J/mo) 

50779.5 
52537.1 
54300.6 
56069.4 

57843.4 
59622.2 
61405.5 
63J93.1 
64984.7 

120 bar Isobar 

-4168.2 
-4154.8 
-4049.8 

-3944.3 
-3838.6 
-3733.0 

3627.5 

-3522.2 
-3417.1 
-3312.2 
-3207.5 

-3102.9 
-2998.4 

-2893.9 
-2789.4 
-2684.8 
-2580.1 
-2475.1 
-2369.9 
-2264.4 
-2158.6 
-2052.3 
-1945.6 

.., 1838.4 
-1730.7 
-1622.4 
-1513.6 
-1404.1 
.,.1293.9 
-1183.1 
-1071.5 
-959.1 
-845.9 

-731.9 
-617.0 
-501.2 

284.4 

-266.8 
-148.3 
-29.0 
90.9 

211.2 
331.8 

452.3 

-3783.0 
-3769.3 
-3661.4 

-3552.9 
-3444.1 
-3335.2 
-3226.3 

-3117.5 
-3008.7 
-2900.0 
-2791.3 

-2682.6 
-2573.9 

-2465.0 
-2356.0 
-2246.6 
-2137.0 
-2027.0 
-1916.5 
-1805.5 
-1693.9 
-1581.7 
-1468.8 

-1355.2 
-1240.8 
-1125.4 
-1009.2 
-892.0 
-773.7 
-654.3 
-533.7 
-411.8 
-288.6 

-163.9 
-37.7 

90.2 
219.7 

351.0 
484.0 
618.9 
755.S 
893.6 

1033.2 

1173.8 

Entropy 
J/rno)·K 

205.75 
206.83 
207.89 
208.9] 

209.91 
210.89 
2) 1.84 

212.77 
213.67 

68.67 
68.88 
70.49 

72.06 
73.60 
75.09 
76.54 

77.95 
79.33 
80.67 
91.98 

83.26 
84.51 

85.73 
86.93 
88.11 
89.26 
90.40 
91.51 
92.61 
93.69 
94.76 
95.82 

96.86 
97.89 
98.91 
99.92 

100.93 
101.92 
102.91 
103.89 
104.86 
105.83 

106.80 
107.76 
108.72 
109.68 

110.64 
111.60 
112.55 
]]3.51 
114.46 
115.41 

116.36 

Cv 

J/rnol·K 

26.75 
26.88 
26.99 
27.10 

27.21 
27.30 
27.39 
27.48 
27.56 

32.24 
31.82 
31.37 

30.90 
30.46 
30.03 
29.64 

29.29 
28.96 

28.67 
28.41 
28.17 
27.96 
27.77 
27.59 
27.43 
27.29 
27.15 
27.03 

26.91 
26.80 
26.69 
26.59 
26.50 
26.41 
26.32 
26.23 
26.15 
26.07 

25.99 
25.91 
25.84 
25.77 

25.70 
25.63 
25.57 
25.51 
25.45 
25.39 

25.33 

Cp 

J/rno!·K 

35.09 
35.21 
35.32 
35.43 

35.53 
35.62 
35.71 
35.79 
35.87 

54.44 
54.46 
54.44 

54.40 
54.36 
54.34 
54.33 

54.35 
54.40 

54.48 
54.59 
54.73 
54.91 
551? 

55.36 
55.63 
55.94 
56.27 
56.63 

57.02 
57.44 
57.88 
58.36 
58.87 
59.42 
59.99 
60.61 
61.27 
61.97 

62.72 
63.51 
64.34 
65.20 

66.09 
66.98 
67.86 
68.70 
69.45 
70.07 

70.54 

Velocity 
of sound 

m/s 

808. 
819. 
830. 
842. 

853. 
864. 
874. 
885. 
896. 

1066. 
1033. 
lU04. 

977. 
952. 
928. 
906. 

885. 
864. 

845. 
825. 
807. 
788. 
770. 
752. 
735. 
717. 
700. 
684. 

667. 
651. 
634. 
618. 
603. 
587. 
571. 
556. 
541. 
526. 

511. 
497. 
482. 
4()~. 

454. 
440. 
427. 
415. 
403. 
391. 

381. 



Temper. 
ature 
kelvin 

155 
160 
165 
170 
175 
lIlU 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 

280 
290 

300. 

310 
320 
330 
340 

350 
360 
370 
380 
390 

400 
120 

440 
460 
480 
500 

520 
540 
560 
580 

600 
620 
640 
660 
680 

. 700. 
720 

. 740 

760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 

Density 
mol/l 

15.44423 
14.30302 
13.24688 
12.29698 
11.45799 
lU."I2380 

10.08329 
9.52344 
9.03196 

8.59792 
7.86683 
7.27411 
6.78225 
6.36595 
6.00778 
5.69538 
::;.41977 

5.17425 
4.95372 

4. 754ln 

4;57259 
4.40635 
4.25345 
4.11222 

3.98125 
3.85938 
3.74562 
3.63912 
3.53916 

3.44511 
3.27260 

3.11800 
2.97849 
2.85183 
2.73624 

.2.63024 
2.53263 
2.44241 
2.35873 

2.28087 
2.20821 
2.14025 
2.07651 
2.01660 
1.96018 
1.90693 
1.85660 
1.80893 
1.76372 

1.72077 
1.62225 
1.53463 
1.456]6 
1.38546 
1.32140 
1.26309 
1.20976 
1.16080 

I Isotherm 
, deri~ative 

I l'bar/mol 

12.78 
11.72 
11.22 
11.11 
11.28 
11.03 

12.10 
12.66 
13.28 

13.92 
15.26 
16.61 
17.94 

__ 19.25 

20.52. 
21.76 
22.91 

24.16 
25.32 

26.4(; 

27.57 
28.67 
29.76 
30.02 

31.88 
32.92 
33.95 
34.96 
35.97 

36.97 
39.91 

40.88 
42.79 
44.68 
46.55 

48.41 
50.24 
52.06 
53.87 

55.67 
57.46 
59.23 
61.00 
62.76 
64.52 
66.27 
68.01 
69.74 
71.48 

73.20 
77,50 
81.78 
86.04 
90.28 
94.51 
98.73 

102.94 
107.15 

THE~MODYNAMI(: PROPERTIES Of· NITROGEN 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

3.00 
2.59 
2.26 
1.99 
1.77 
1.59 

1.45 
1.33 
1.22 

1.14 
0.9986 
0.8923 
0.8085 
0.7406 
0.6844 
0.6369 
0 .. 5903 

0.5611 
0.5302 

0.5029 

0.4786 
0.4567 
0.4369 
0.4109 

0.4024 
0.3873 
0.3734 
0.3605 
0.3486 

0.3375 
0.3171 

0.2997 
0.2841 
0.2700 
0.2574 

0.2460 
0.2355 
0.2260 
0.2173 

0.2092 
0.2018 
0.1948 
0;1884 
0.1824 
0.1767 
0.171Fi 

0.1665 
0.1618 
0.1574 

0.1532 
0.1438 
0.1354 
0.]280 
0.1214 
0.1154 
0.1100 
0.1051 
0.1006 

Internal 
energy 
J/mo} 

750.7 
1040.2 
1316.1 
1575,6 
]818.1 
2044.i:S 

2255.9 
2454.6 
2642.1 

2820,3 
3153.7 
3463,7 
3756.6 
4036.4 
4306.2 
4568.1 
4823.tl 

5073.9 
5319.9 

5562.3 

5801.6 
6038.3 
6272.7 
6505.2 

6736.0 
6965.4 
7193.4 
7420.4 
7646.3 

7871.5 
8319.7 

8765.8 
9210.5 
9654.3 

10007.9 

10541.3 
10985.2 
11429.9 
11875.6 

12322.6 
12771.0 
13221.1 
13673.0 
14126 .. 8 
14582.6 
lFi040 h 

15500.7 
15963.0 
16427.6 

16894.5 
18071.9 
19263.6 
20469.5 
21689.0 
22921.6 
24166.6 
25423.5 
26691.5 

Enthalpy 
J/mo} 

1527.7 
1879.2 
2222.0 
2551.4 
2865.4 
Mbi:S.3 

3446.0 
3714.6 
3970.7 

4215.9 
4679.1 
5113.4 
5525.9 
5921.4 
6303.6 
6675.0 
103',.", 

7393.1 
7742.3 

8086.3 

8425.9 
8761.6 
9094.0 
9423.4 

9750.2 
10074.7 
10397.2 
10717.9 
II 037. 0 

11354.7 
·11986.6 

12614.4 
13239.4 
13862.1 
]1193.1 

15103.6 
15723.4 
16343.1 
16963.1 

17583.8 
18205.3 
18827.9 
19451.9 
20077.4 
20704.5 
91333.4-

21964.1 
22596.8 
23231.4 

23868.1 
25469.0 
27083.1 
28710.3 
30350.4 
32002.8 
33667.2 
35342.8 
37029.2 

Entropy 
J/mo}·K 

118.68 
120.91 
123.02 
124.99 
126.81 
J::l!!.48 

130.03 
131.47 
132.80 

134.04 
136.30 
138.32 
140.15 
141.84 
143.40 
144.85 
140.22 

147.52 
148.74 

]49.91 

151.02 
152.09 

. 153.11 
154.09 

155.04 
155.96 
156.84 
157.69 
158.52 

159.33 
160.07 

162.33 
163.72 
165.04 
166.31 

167.53 
168.70 
169.82 
170.91 

171.96 
172.98 
173.97 
174.93 
175.87 
176.77 
177.66 

178.52 
179.37 
180.19 

181.00 
182.94 
184.78 

·186.54 
188.23 
189.84 
191.39 
192.88 
194.31 

C. 
J/mol,K 

25.16 
24.95 
24.71 
24.43 
24.14 
:i::l.B!> 

23.57 
23.32 
23.10 

22.90 
22.57 
22.31 
22.11 
21.96 
21.83 
21.73 
~1.b::' 

2].58 
21.53 

21.48 

21.44 
21.41 
2].38 
21.36 

21.34 
21.33 
21.32 
21.32 
21.32 

21.32 
21.34 

21.37 
21.41 
21.46 
21.63 

21.60 
21.69 
21.78 
21.88 

21.98 
22.10 
22.21 
22.33 
22.45 
22.58 
22.71 

22.83 
22.96 
23.09 

23.22 
23.54 
23.85 
24.]4 
24.43 
24.70 
24.95 
25.19 
25.42 

Cp 

J/mo}·K 

70.78 
69.62 
67.33 
64.38 
61. IS 
!)l:I.Ui:S 

55.0S 
52.42 
50.08 

48.04 
44.74 
42.24 
40.33 
38.84 
37.64 
36.68 
i:Sb.!!!l 

35.21 
34.65 

34.17 

33.75 
33.39 
33.08 
32.80 

32.56 
32.35 
32.16 
31.99 
31.S4 

31.71 
31.49 

31.32 
31.19 
31.09 
31.03 

31.00 
30.98 
30.99 
31.01 

31.05 
31.10 
31.16 
31.24 
31.31 
31:40 
31.4-0 

31.58 
31.68 
31.78 

31.89 
32.15 
32.41 
32.67 
32.93 
33.17 
33.40 
33.62 
33.S3 

Velocity 
of sound 

m/s 

358. 
342. 
330. 
323. 
319. 
i:SH!. 

318. 
319. 
321. 

323. 
329. 
335. 
342. 
349. 
355. 
362. 
369. 

375. 
381. 

388. 

394. 
400. 

.405. 
411. 

417. 
422. 
427. 
433 .. 
438. 

443. 
453. 

462. 
472. 
481. 
489. 

498. 
506. 
514. 
522. 

530. 
537. 
545. 
552. 
559. 
566. 
573 • 

579. 
586. 
593. 

599. 
615. 
630. 
645. 
659. 
673. 
687. 
700. 
714. 
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• 66.170 

68 

70 
72 

74 
76 
78 
80 

82 
84 
86 
00 

90 
92 
94 
96 
98 

100 
102 

104 
106 
108 

110 
112 
114 
116 
ll8 
120 
122 
124 
126 

128 

130 

132 
134 
136 
138 

140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 

1BO 
185 
190 
195 

31.18702 

30.98433 

30.75633 
30.52162 

30.28047 
30.03323 
29.78029 
29.62206 

29.25891 
28.99119 
28.71919 
28.44314 

28.16322 
27.87955 
27.59219 
27.30118 
27.00651 
26.70814 
26.40601 

26.10005 
25.79017 
25.47628 

25.15828 
24.83605 
24.50950 
24.17852 
23.84299 
23.50281 
23.15785 
22.80802 
22.45320 

22.09328 

21. 72817 

21.35779 
20.98211 
20.60112 
20.21488 

19.82356 
19.42741 
19.02686 
18.62246 
18.21500 

17.B0544 
16.78041 

15.77219 
14.80474 

13.89784 
13.UM!:lb 

12.30626 
J 1.62448 
11.01327 
10. 465!W 

248.40 
228.98 

210.59 
194.65 

180.73 
168.49 
157.63 
147.92 

139.16 
131.19 
123.89 
117.16 

110.89 
105.04 
99.54 
94.36 
89.45 
84.79 
80.37 

76.16 
72.15 
68.32 

64.67 
61.19 
57.87 
54.70 
51.68 
48.79 
46.04 
43.42 
40.92 

38.54 

36.20 

34.13 
32.09 
30.16 
28.34 

26.63 
25.03 

23.55 
22.1B 
20.93 

19.79 
17.46 

15.80 
14.72 
14.11 
13.84 

13.83 
14.01 

14.33 
14. It> 
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Thermodynamic properties of nitrogen-Continued 

27.12 
25.71 

24.36 
23.16 

22.07 
21.07 

20.15 
19.28 

18.47 
l7.70 
16.98 
16.28 

15.63 
15.00 
14.39 
13.82 
13.26 
12.73 

11.72 
11.25 
10.79 

10.35 
9.92 
9.51 
9.11 
8.73 
8.36 
8.00 
7.65 
7.31 

6.99 

6.67 

6.37 
6.07 
5.78 
5.'::;1 

5.24 
4.99 
4.74 
4.50 
4.28 

4.06 
3.56 
3.13 
2.7; 
2.46 
2.20 

1.99 
1.81 
1.66 
1.!:li:S 

140 bar Isobar 

-4160.0 
-4064.8 

-3960.4 
-3R55.9 

-3751.5 
-3647.2 
-3543.2 
-3139.6 

-3335.9 

-3232.6 
-3129.5 

3026.5 

-2923.6 
-2820.8 
-27n9 
-2615.0 
-2512.0 
-2408.9 
-2305.6 

-2202.0 
-2098.1 
-1994.0 

-1889.6 
-1784.9 
-1679.8 
-1574.3 
-1468.4 
-1362.1 
-1255.5 
-1148.3 
-1040.8 

-932.8 

024.3 

-715.5 
-606.1 
-496.4 
-386.2 

-275.7 
-164.8 

-53.7 
57.6 

168.9 

280.1 
556.5 
828.1 

1091.8 

1345.2 
1586.6 

1815.8 
2033.0 
2238.9 
2434.b 

-3711.1 
-3613.0 

-3505.3 
-::I::IQ7.2 
-3289.1 

-3181.1 
-3073.1 
-2965.2 

-2857.4 

-2749.7 
-2642.0 

2534.3 

-2426.5 
-2318.6 
-2210.6 
-2102.2 
-1993.6 
-1884.7 
-1775.3 

-1665.6 
-1555.3 
-1444.5 

-1333.2 
-1221.2 
-1108.6 

-995.3 
-881.2 
-766.5 
-650.9 
-534.5 
-:-417.3 
-299.1 

100.0 

-60.0 
61.1 

183.2 
306.4 

430.6 
555.8 
682.1 

809 . .4 
937.5 

1066.4 
1390.8 
1715.7 
2037.5 
2352.5 
2058.3 

2953.5 
3237.4 
3510.1 
3172.2 

68.79 
70.25 

71.81 
7!U4 
74.82 
76.26 

77.66 
79.02 

80.36 
81.65 
82.92 
84.16 

85.37 
86.56 
87.72 
88.86 
89.98 
91.08 
92.16 

93.23 
94.28 
95.31 

96.33 
97.34 
98.34 
99.32 

100.30 
101.26 
102.22 
103.16 
104.10 
105.03 

105.96 

106.87 
107.78 
108.69 
109.::;9 

110.48 
lll.37 
112.25 
113.13 
114.00 

114.87 
116.99 
119.06 
121.04 
122.92 
124.09 

126.35 
127.91 

129.36 
130.73 

32.74 
32.29 

31.80 

31.31 
30.93 

30.39 
29.97 
29.59 
29.26 

28.93 
28.65 
28.40 
28.17 
27.97 
27.78 
27.61 

27.45 
27.30 
27.17 

27.04 
26.92 
26.80 
26.69 
26.59 
26.49 
26.39 
26.29 
26.20 
26.10· 

26.01 

25.93 
25.84 
25.76 
25.67 

25.59 
25.51 
25.43 
25.36 
25.28 

25.21 
25.02 

24.82 
24.61 
24.39 
24.10 

23.92 
23.68 
23.46 
23.25 

54.04 
54.04 
54.01 

53.96 
53.91 

53.87 

53.85 
53.85 
S3.87 

53.92 
53.99 
54.10 
54.23 
54.38 
54.57 
51.79 

55.01 
55.26 
55.53 

55.83 
·56.14 

56.48 
56.83 
57.19 
57.58 
57.99 
58.41 
58.85 
59.31 

59.79 

60.28 
60.79 
61.31 
61.04 

62.37 
62.89 
63.39 
63.85 
64.26 

64.61 
65.06 
64.79 
63.78 
62.15 
00.13 

57.91 
55.65 
53.47 
51.41 

1071. 
1039. 
1011. 

985. 
Qt;l 

938. 

917. 
897. 
878. 

859. 
841. 
823. 
805. 
788. 
771. 
751. 

738. 
722. 
706. 

690. 
675. 
660. 
645. 
630. 
615. 
601. 
587. 
573. 
559. 

546. 

532. 
519. 
506. 
494. 

481. 
469. 
458. 
446. 

436. 

426. 
403. 

384. 
369. 
358. 
3:11. 

346. 
343. 
341. 
341. 



Temper-
sture 

kelvin 

200 
210 
220 
230 
240 

250 
260 
270 
280 

290 

300 
310 
320 
330 
340 
'l.50 

360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 

·700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 

1100 
1150 
1200 

Density 
mol/l 

9.97512 
9.13589 
8.44726 
1.87252 

. 7.38495 

6.96523 
6.59931 
6.27677 
5;9897? 

5;73224 

5.49954 
5.28796 
5.09449 
4.91673 
4:75267 

. 4.6006B 

4.45935 
4.32751 
4.20417 
4.08847 

3.97967 
3.78026 
3.60169 
3.44067 
3.29456 
3.16127 
3.03910 
2.92664 
2.82271 
2.72633 

2.63666 
2.55301 
2.47476 
2.40138 
2.35241 

2.26745 
2.20614 . 
2.14819 
2.09331 
2.04125 

1.99180 
1.87832 
1.77739 
1.68697 
1.60548 
1.53163 

1.46438 
1.40286 
1.34637 

• 66.592 31.22173 
. 68 31.07048 

70 
72 

30.84992 
30.62279 

Isotherm 
derivative 
l·bar/mol 

15.23 
16.35 
17.56 
18.81 
20.06 

2L31 
22;53 
23.74 
24:93 

26.09 

27.24· 
28.37 
29.48 
30.57 
3].65 
. q,) 7') 

33.77 
34.81 
35.84 
36.86 

37.87 
39:87 
41.83 
43.77 
4?68 
47.57 
49,44 
51.29 
53.13 
54:95 

56.76 

58.56 
60;35 

-62 . .13 
65.90 
65.67 
67.43 
69.18 
70.92 
72.66 

74.39 
78.71 
83.00 
87.27 
91.53 
95.77 
99.99 

104.21 
108.42 

250.15 
235.36 

216.83 
200.76 

Ilter'modynamic properties .of nitrogen:..,.Continued 

Isochore 
derivative 

bar'K 

1.42 
. 1.24 

1.10 
0;9920 
0.9047 

0.8327 
0.7723 
0.7209 
{).G7G::; 

0.6378 

0.6036 
0.5733 
0.5461 
0.5216 
0.4994 
o 47Q'} 

0.4607 
0.4436 
0.4279 
0.4134 

:0',3999 
0.3755 
0.3541 
0.3352 
0.3183 
0.3032 
0.2895 
0.2770 
0.2657 
0.2552 

U.:.!450 

0.2368 
0.2285 
0.2209 
'0.2138 

0.2071 
0.2009 
0.1950 
0.1895 
0.1843 

0.1794 
0.1682 
0.1583 
0:1496 
0.1418 
0.1348 
0.1285 
0.1228 
0.1l7S 

26.58 
25.56 

24.27 . 

23.12 

Internal 
energy 
JIDtol 

2621.0 
2970.6 
3295.3 
3600.9 
3891.0 

4171.2 

4441.5 
4704.4 
4961.2 

5213~1 

5460.7 
5704.8 
5945.9 
6184.3 
6420.5 
M!>47 

6887.2 
7118.2 
7347.9 
7576.5 

7804.0 
8256.7 
8706.7 
9155.0 
9602.1 

10048.5 
10494.7 
10941.1 
11388.1 
11835.9 

12:.!1I4.11 

12735.1 
13186.9 
13640.4 

. 14095.7 

14552.9 
15012.2 
15473.5 
15937.] 
16402.8 

16870.8 
18050.5 
19244.4 
20452.2 
21673.4 
22907.5 
24154.0 
25412.1 
26681.3 

.Enthalpy 
J/mol 

4024.5 
4503.1 
4952.6 
5379.2 
5787.5 

6181.2 
6562.9 
6934.8 
7290.5 

7655.4 

.8006.4 
8352.4 
8694.0 
9031.8 
9366.2 
QI\Q7 R 

10026.7 
10353.4 
10678.0 
11000.7 

11321.9 
11960.1 
12593.8 
13224.0 
]3851.5 
14477.1 
15]01.3 
15724.7 
16347.8 
16971.0 

17t1!J4.() 

18218.8 
18844.0 
19470.3 

.20098.0 

20727.2 
21358.1 
21990.7 
22625.1 
23261.3 . 

23899.6 
25504.0 
27121.2 
28751.1 
30393.5 
32048 . .1 
33714.4 
35391.7 
37079.6 

160 bar Isobar 

-4151.6 -3639.2 
-4079.1 -3564.1 

-3975.8 -3457.1 
-3872.3 -3349.8 

Entropy 
J/mol·K 

132.00 
134.34 
136.43 
138.33 

·140.07 

141.67 
143.17 
144.57 
146.90 

147.15 

148.34 
149.47 
150.56 
151.60 

·152.60 
1!\~.Y, 

154.48 
155.38 
156.24 
157.08 

157.90 
159.45 
160.93 
162.33 
163.66 
164.94 
166.16 
167.34 
168.47 
169.57 

17U.():.! 

171.65 
172.64 
173.60 
174.54 
175.45 
176.34 
177.21 
178.05 
178.88 

179.69 
181.63 
183.48 
185.24 
186.93 
188.54 
190.09 
191.59 
193.02 

68.91 
70.02 

71.57 
73.08 

. Co 
JJrnol·K 

23.06 
22.73 
22.47 
22.26 

21.96 
21.85 
21.76 
21.69 

21.62 

21.57 
21.52 
21.49 
21.46 
21.43 
2L41 

21.40 
21.39 
21.38 
21.38 

. 21:38 

21.39 
21.42 
21.46 
21.51 
21.57 
21.65 
21.73 
21.82 
21.91 

.:.!:.!.U:.! 

22.13 
22.24 
22.36 
22.48 

22.61 
22.73 
22.86 
22.99 
23:12 

23.24 
23.56 
23.87 
24.16 
:24.45 
24.71 
24.97 
25.21 
25.43 

33.21 

Cp 

J/inol·K 

49.53 
46;30 

43.72 
41.68 . 
40.01 

38.73. 
37,65 
36.76 
36.01 

35.38 

34.84 
34.37 
33.96 
33.nl 
33.29 . 
33.02 • 

32.77 
32.56 
32.37 
32.19 

32.04 
31.79 
31.:59 
3].44 
3].32 
3).24 

,31.19 
31.16 

.31.15 
31.17 

~Ll!l' 

31.23' 
31.29 
31.35 
'31.42 

.31.50 
31.58 
31.67 
31.77' 
31.86 

.31.96 
32.22 
32.47 

· 32.72 
· 32.97 
33.21 
33.44 

· 33.65 
33.86 

53.66 

Velocity 
of sound 

m/s 

342. 
345. 
349. 
355. 
360. 
366 •. 

372. 
378. 
394. 
390. 

396. 
402. 
.408. 
413. 

. 419. 

424 . 
430. 
435. 
440. 
445. 

450 . 
460. 
469. 
478. 
487. 
496. 
504. 
512 .. 
520. 
528. 

!:>;sQ. 

543. 
550. 
558. 
565. 

572. 
578. 
585. 
59l. 
598. 

604. 
620. 
635. 
650. 
664. 
678. 
691. 
705. 
718. 

1076. 
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Temper. 
ature 
kelvin 

74 
76 
78 
80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
102 
104 
100 

108 

110 
112 
]]4 
116 
118 
120 

122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
l!!U 

195 

200 
210 

220 
230 
240 
250 
260 
270 
280 
290 

Density 
mol/l 

30.38933 
30.14990 
29.90488 
29.65470 
29.39975 
29.14043 
28.87704 
28.60987 

28.33914 
28.06501 
27.78762 
27.50703 
27.22329 
26.93643 
26.64643 
26.35328 
~().U:;()!!:; 

25.75739 

25.45458 
25.14848 

24.83903 
24.52621 
24.20999 
23.89034 

23.56723 
23.24066 
22.91061 
22.57708 

22.24010 
21.89968 
21.55588 
21.20876 
20.85845 
20.50510 
20.14891 
19.79017 
19.42921 
19.06649 

18.70252 
17. 79147 
16.88885 
16.00875 
15.16495 
14.36849 
13.62637 
12.94155 
1~.~W:rt!> 

11.74051 

11.21801 
10.30752 

9.54687 
8.90486 
8.35652 
7.88261 
7.46850 
7.10303 
6.77762 
6.48562 

Isotherm 
derivative 
I·bar/mol 

186.73 
174.39 
163.45 
153.67 
144.86 
136.86 
129.54 
122.79 

116.52 
110.67 
105.18 
100.00 
95.11 
90.46 
86.05 
81.85 
17.114 

74.02 

70.38 
(j6.90 

63.58 
60.41 
57.38 
54. SO 

51.74 
49.12 
46.61 
44.23 

41.96 
39.79 
37.74 
35.79 
33.94 
32.20 
30.56 
29.01 
27.57 
26.23 

24.99 
22.31 
20.24 
18.72 
17.66 
17.00 
16.64 
16.51 
Ib.!>7 

16.76 

17.06 
17.88 

18.89 
20.00 
21.16 
22.34 
23.53 
24.71 
25.88 
27.03 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

22.08 
21.13 
20.24 
19.41 
18.63 
17.89 
17.18 
16.51 

15.87 
15.26 
14.67 
14.11 
13.57 
13.05 
12.54 
12.06 
IJ.()U 

11.15 

10.7] 
10.29 

9.89 
9.50 
9.12 
8.76 

8.40 
8.06 
7.73 
7.41 

7.11 
6.81 
6.52 
6.24 
5.97 
5.71 
5.46 
5.22 
4.99 
4.77 

4.55 
4.06 
3.62 
3.23 
2.90 
2.62 
2.37 
2.17 
1.99 

1.83 

1.70 
1.48 

1.32 
l.l8 
1.08 

0.9874 
0.9134 
0.8504 
0.7963 
0.7492 

Internal 
energy 
Jlmol 

-3769.0 
-3666.0 
-3563.2 
-3460.6 
-3358.4 
-3256.4 
-3154.6 
-3053.0 

-2951.6 
-2850.2 
-2748.9 
-2647.7 
-2546.4 
-2445.0 
-2343.6 
-2242.0 
-~14U.3 

-2038.4 

-1936.3 
-1834.0 

-1731.5 
-1628.8 
-1525.8 
-1422.7 

-1319.3 
-1215.6 
-IIll.? 
-1007.6 

-903.3 
-798.8 
-694.1 
-589.2 
-484.2 
-379.0 
-273.8 
-168.6 
-63.4 
41.7 

146.7 
407.6 
665.0 
917.1 

1162.1 
1398.6 
1625.8 
1843.6 
2051.9 

2251.4 

2442.6 
2802.9 

3138.6 
3454.5 
3754.8 
4042.6 
4320.4 
4590.1 
4853.0 
S1I0.3 

Enthalpy 
lImo) 

-3242.5 
-3135.3 . 
-3028.] 
-2921.1 
-2814.2 
-2707.3 
-2600.5 
-2493.8 

-2387.0 
-2280.1 
-2173.1 
-2066.0 
-1958.6 
-1851.0 
-1743.1 
-1634.8 
-l!>~t>.:l 

-1417.2 

-1307.7 
-ll97.0 

-1087.4 
-976.4 
-865.0 
-752.9 

-640.3 
-527.2 
-413.4 
-298.9 

-183.9 
-68.2 

48.2 
165.2 
282.9 
401.3 
520.3 
639.9 
760.1 
880.9 

1002.2 
1306.9 
1612.4 
1916.6 
2217.] 
2512.] 
2800.0 
3079.9 
3351.3 

3614.2 

3868.9 
4355.2 

4814.5 
5251.3 
5669.5 
6072.4 
6462.8 
6842.6 
7213.7 
7577.3 

Entropy 
l/mo)·K 

74.55 
75.99 
77.38 
78.73 
80.05 
81.34 
82.60 
83.82 

85.02 
86.20 
87.35 
88.48 
89.58 
90.67 
91.74 
92.79 
93.H2 

94.84 

95.85 
96.!l4 

97.81 
98.78 
99.73 

100.67 

101.60 
102.52 
103.43 
104.34 

105.23 
106.11 
106.99 
107.85 
108.71 
109.56 
110.41 
111.24 
112.07 
]12.89 

1I3.71 
1I5.71 
117.65 
119.52 
121.31 
123.02 
124.65 
126.18 
127.63 

128.99 

130.28 
132.66 

134.79 
136.73 
138.51 
140.16 
141.69 
143.12 
144.47 
145.75 

Co 
J/mol·K 

32.72 
32.21 
31.69 
31.18 
30.71 
30.27 
29.87 
29.51 

29.18 
28.88 
28.61 
28.37 
28.15 
27.95 
27.77 
27.60 
27.44 

27.30 

27.16 
27.03 

26.91 
26.79 
26.68 
26.57 

26.46 
26.36 
26.26 
26.16 

26.06 
25.97 
25.87 
25.78 
25.69 
25.60 
25.51 
25.42 
25.34 
25.25 

25.17 
24.97 
24.76 
24.56 
24.36 
24.15 
23.94 
23.74 
23.54 

23.35 

23.17 
22.0(, 

22.60 
22.39 
22.21 
22.07 
21.95 
21.86 
21.78 
21.71 

Cp 

J/mol·K 

53.65 
53.61 
53.55 
53.49 
53.44 
53.40 
53.38 
53.38 

53.41 
53.46 
53.53 
53.62 
53.74 
53.88 
54.04 
54.22 
54.41 

54.62 

54.85 
55.09 

55.34 
55.60 
55.87 
56.l5 

56.45 
56.74 
57.05 
57.37 

57.69 
58.02 
58.35 
58.68 
59.01 
59.34 
59.66 
59.97 
60.26 
60.51 

60.74 
61.09 
61.05 
60.55 
59.62 
58.33 
56.80 
55.13 
53.43 

51.75 

50.13 
47.20 

44.73 
42.69 
41.01 
39.63 
38.48 
37.52 
36.71 
36.02 

Velocity 
of sound 

mls 

1045. 
10]8. 
993. 
970. 
949. 
928. 
909. 
891. 

1:173. 

855. 
838. 
821. 
805. 
789. 
773. 
758. 
742. 

727. 

712. 
690. 

683. 
669. 
655. 
641. 

628. 
614. 
60l. 
588. 

576. 
563. 
551. 
539. 
528. 
516. 
505. 
494. 
484. 
474. 

464. 
441. 
422. 
4()(j. 

393. 
383. 
375. 
370. 
366. 

364. 

363. 
363. 

365. 
369. 
373. 
378. 
384. 
389. 
395. 
400. 



Temper. 
sture 
kelvin 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
5ZQ 

540 
560 
580 

600 
620 
640 
660 

680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
]]50 
1200 

Density 
molll 

6.22178 
5.98192 
5.76267 
5.56129 
5.37550 
5.20343 
5.04349 
4.89435 
4.75486 
4.62406 

4.50109 
4.27580 
4.07416 
3.89239 
3.72751 
3.57715 
3.43935 

3.31252 
3.19533 
3.08666 

2.98558 
2.89127 
2.80305 
2.72032 

2.64256 
2.56932 
2.50020 
2.43485 
2.37296 
2.31425 

2.25847 
2.13047 
2.01657 
1.91452 
1.82251 
1.73911 
1.66313 
1.59361 
1.52976 

• 67.013 31.25729 
68 31.15433 

70 

72 
74 
76 
78 

80 
82 
84 
86 
88 

90 
92 
94 

30.94080 

30.72092 
30.49476 
30.26269 
30.02512 

29.78248 
29.53518 
29.28364 
29.02819 
28.76917 

28.50681 
28.24134 
27.97292 

Isotherm 
derivative 
I·bar/mol 

28.17 
29.30 
30.41 
31.51 
32.59 
33.66 
34.72 
35.77 
36.81 
37.84 

38.86 
40.87 
42.85 
44.80 
46.72 
48.63 
50.51 

52.38 
54.23 
56.07 

57.89 
59.70 
61.50 
63.29 

65.07 
66.84 
68.61 
70.37 
72.12 
73.87 

75.61 
79.94 
84.24 
88.52 
92.78 
97.03 

101.27 
105.49 
109.70 

252.03 
241. 74 

223.07 

206.87 
192.72 
180.27 
169.24 

159.39 
150.52 
142.47 
135.12 
128.35 

122.07 
116.21 
110.72 
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Thermodynamic propenies of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.7078 
0.6711 
0.6383 
0.6089 
0.5822 
0.5580 
0.5359 
0.5156 
0.4969 
0.4796 

0.4636 
0.4347 
0.4095 
0.3872 
0.3674 
0.3496 
0.3336 

0.3190 
0.3057 
0.2936 

0.2824 
0.2721 
0.2626 
0.2537 

0.2454 
0.2377 
0.2305 
0.2237 
0.2173 
0.2113 

0.2056 
0.1927 
0.1814 
0.1713 
0.1624 
0.1543 
0.1470 
0.1404 
0.1344 

26.08 
25.41 

24.17 

23.08 
22.08 
2J.l7 
20.32 

19.53 
18.78 
18.06 
17.38 
16.73 

16.11 
15.51 
14.94 

Internal 
energy 
l/mol 

5362.9 
5611.5 
5856.6 
6098.9 
6338.5 
6576.0 
6811.5 
7045.3 
7277.6 
7508.6 

7738.5 
8195.4 
8649.2 
9100.9 
9551.1 

10000.3 
10449.1 

10897.9 
11347.1 
11797.0 

12247.8 
12699.8 
13153.3 
136011.3 

14065.1 
14523.7 
14984.3 
I 5446.9 
15911.5 
16378.4 

16847.4 
18029.5 
19225.5 
20435.1 
21658.0 
22893.6 
24141.5 
25400.8 
26671.1 

Enthalpy 
J/mol 

7934.5 
8286.2 
8633.1 
8975.9 
9315.0 
9650.9 
9983.9 

10314.4 
10642.6 
10961l.ll 

11293.2 
11937.3 
12576.4 
13211.5 
13843.5 
14473.1 
15101.2 

15728.1 
16354.4 
16980.6 

17606.9 
18233.7 
18861.4 
19490.0 

20119.8 
20751.0 
21383.8 
220]8.1 
22654.2 
23292. ] 

23931.8 
25539.6 
27]59.8 
28792.3 
30437.1 
32093.8 
33761.9 
35440.9 
37130.3 

180 bar Isobar 

-4143.1 
-4092.f 

-3990.3 

-3887.9 
-3785.7 
-3683.7 

3582.1 

-3480.7 
-3379.7 
-3278.9 
-3178.4 
-3078.1 

-2977.9 
-2877.9 
-2778.1 

-3567.2 
-3514.9 

-3408.5 

-3302.0 
-3195.4 
-3088.9 

2982.6 

-2876.3 
-2770.2 
-2664.2 
-2558.3 
-2452.4 

-2346.5 
-2240.6 
-2134.6 

Entropy 
J/mol·K 

146.96 
148.11 
149.22 
150.27 
151.28 
152.26 
153.19 
154.10 
154.98 
I::'::'.l!~ 

156.64 
158.22 
159.70 
161.11 
162.46 
163.74 
164.98 

166.16 
167.30 
168.40 

169.46 
170.49 
171.48 
172.45 

173.39 
174.30 
175.20 
]76.06 
176.91 
177. 74 

178.55 
180.50 
182.35 
184.12 
185.80 
187.42 
]88.97 
190.47 
191.90 

69.03 
69.80 

71.34 

72.84 
74.30 
75.72 
77.11 

78.45 
79.76 
81.04 
82.28 
83.50 

84.69 
85.85 
86.99 

C. 
J/mol·K 

21.65 
21.60 
21.56 
21.53 
21.50 
:.! 1.4l! 

21.46 
21.45 
21.44 
2L44 

2].44 
2].45 

21.47 
21.51 
21.56 
21.62 
21.69 

21.77 
21.85 
21.95 

22.05 
22.16 
22.27 
?2.39 

22.51 
22.63 
22.76 
22.89 
23.0] 
23.14 

23.27 
23.58 
23.89 
24.18 
24.46 
24.73 
24.98 
25.22 
25.44 

33.65 
33.13 
32.58 
32.04 

31.51 
31.01 
30.55 
30.13 
29.75 

29.40 
29.09 
28.81 

Cp 

l/mol·K 

35.43 
34.92 
34.4a 
34.09 
33.74 
33.44 

33.17 
32.93 
32.72 
32.53 

32.36 
32.07 
31.85 
31.67 
31.54 
31.44 
31.37 

31.33 
31.31 
31.31 

31.33 
31.36 
31.40 

" 1.41\ 
31.52 
31.60 
31.68 
31.76 
31.85 
31.94 

32.03 
32.28 
32.53 
32.77 
33.02 
33.25 
33.47 
33.69 
33.89 

53.29 
53.27 
53.22 
63.16 

53.09 
53.03 
52.98 
52.95 
52.94 

52.95 
52.97 
53.02 

Velocity 
of sound 

m/_ 

406. 
411. 
417. 
422. 
427. 
433. 

438. 
443. 
448. 
453. 

458. 
467. 
476. 
485. 
494. 
502. 
611. 

519. 
527. 
534. 

542. 
549. 
556. 
563. 
570. 
577. 
584. 
590. 
597. 
603. 

610. 
625. 
640. 
654. 
669. 
682. 
696. 
709. 
722. 

1081. 
1052. 
1025. 
1001. 

979. 
959. 
939. 
921. 
903. 

886. 
869. 
853. 
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Temper. 
ature 
kelvin 

96 
98 

100 
102 
104 
106 

108 

110 
112 

114 
116 
118 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 

175 
180 
185 
190 

195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 

Density 
molll 

27.70166 
27.42766 
27.15097 
26.87163 
26.58966 
26.30507 

26.0]786 

25.72804 
25.13560 

25.14054 
24.84288 
24.54262 
24.23978 
23.93438 
23.62646 
23.31606 
23.00322 

22.68800 
22.37049 
22.05075 
21. 72890 
21.40506 
21.07938 
20.75203 
20.42322 
20.09320 
19.76227 

19.43077 
18.60216 
17.77984 
16.97253 
Ib.18!ij!i 

15.43874 
14.72709 
14.05857 
13.43502 

12.85640 

12.32124 
11.37144 
10.56240 
9.87006 
9.27307 
8.75376 
8.29798 
7.89454 
7.53463 
7.21122 

6.91874 
6.65268 
6.40940 
6.18588 
5.97965 
5.78863 
5.61108 
5.44552 
5.29069 
5.14550 

5.00901 

Isotherm 
derivative 
l'bar/mol 

105.54 
]00.65 
96.02 
91.61 
87.4] 
03.41 

79.59 

75.95 
72.47 

69.14 
65.96 
62.93 
60.04 
57.27 
54.63 
52.12 
49.72 

47.43 
45.25 
43.18 
41.21 
39.34 
37.56 
35.88 
34.29 
32.80 
31.39 

30.08 
27.18 
24.82 
22.96 
2J.tltl 

20.54 
19.86 
19.44 
19.24 

19.20 

19.30 
19.80 
20.57 
21.51 
22.54 
23.62 
24.74 
25.87 
27.00 
?R 1::\ 

29.25 
30.36 
31.47 
32.56 
33.64 
34.71 
35.77 
36.82 
37.86 
38.89 

39.91 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

14.39 
13.86 
13.35 
12.86 
12.38 
11.92 

11.48 

11.06 
10.64 

10.25 
9.86 
9.49 
9.13 
8.78 
8.45 
8.12 
7.111 

7.50 
7.21 
6.93 
6.65 
6.39 
6.13 
5.89 
5.65 
5.42 
5.20 

4.99 
4.49 
4.05 
3.66 
3.31 
3.01 
2.74 
2.51 
2.31 

2.14 

1.99 
I. 73 
1.54 
1.38 
1.25 
],15 
1.06 

0.9839 
0.9197 
0.&63& 

0.8149 
0.7716 
0.7330 

0.6983 
0.6671 
0.6387 
0.6128 
0.5891 
0.5673 
0.5472 

0.5285 

Internal 
energy 
J/mol 

-2678.3 
-2578.5 
-2478.7 
-2379.0 
-2279.1 

2179 .. .2 

-2079.3 

-1979.2 
1079.0 

-1778.7 
-1678.3 
-1577.8 
-1477.2 
-1376.4 
-1275.6 
-1174.6 
-107.~.6 

-972.5 
-871.3 
-770.2 
-668.9 
-567.8 
-466.6 
-365.5 
-264 •. 5 
-163.7 
-63.0 

37.4 
287.0 
533.6 
776.0 

1013.Q 
1243.6 
1467.0 
1682.9 
1891.Q 

2091.5 

2284.8 
2651.3 
2994.5 
3318.3 
3626.2 
3921.1 
4205.5 
4481.1 
4749.4 
5011. 7 

5268.8 
5521.6 
.'i770 6 

6016.4 
6259.3 
6499.8 
6738.1 
6974.6 
7209.4 
7442.7 

7674.8 

Enthalpy 
llmol 

-2028.5 
-1922.2 
-1815.8 
-1709.1 
-1602.2 
-149:;.0 

-1387.4 

-1279.6 
1171.3 

-1062.8 
-953.8 
-844.4 
-734.6 
-624.4. 
-513.7 
-402.6 
-291.1 

-179.1 
-66.7 

46.1 
159.4 
273.2 
387.3 
501.9 
616.9 
732.2 
847.8 

963.8 
1254.6 
1546.0 
1836.5 
2124.8 
2409.5 
2689.3 
2963.2 
3230.8 

3491.6 

3745.7 
4234.2 
4698.6 
5141.9 
5567.3 
5977.4 
6374.7 
6761.1 
7138.4 
7507.8 

7870.5 
8227.3 
1I.'i79 0 

8926.2 
9269.5 
9609.3 
9946.1 

10280.1 
10611.6 
10940.9 

11268.3 

Entropy 
J/mol·K 

BB.ll 
89.21 
90.28 
91.34 
92.38 
93.40 

94.40 

95.39 
96.37 

97.33 
98.28 
99.21 

100.13 
101.04 
101.94 
102.83 
109.71 

104.58 
105.44 
106.29 
107.12 
107.96 
108.78 
109.59 
110.39 
11 1.19 
111.97 

112.75 
114.66 
116.51 
118.30 
120.02 
121.67 
123.25 
124.75 
120.l"I 

127.53 

128.82 
131.20 
133.36 
135.33 
137.14 
138.82 
140.38 
141.83 
143.21 
111.50 

145.73 
146.90 
14S.02 

149.09 
150.11 
151.10 
152.05 
152.96 
153.85 
154.70 

155.53 

Co 
J/mol·K 

28.55 
28.32 
28.11 
27.92 
27.74 
27.57 

27.42 

27.28 
27.14 

27.01 
26.89 
26.77 
26.65 
26.54 
26.43 
26.33 
26.22 

26.12 
26.02 
25.92 
25.82 
25.73 
25.63 
25.54 
25.45 
25.36 
25.27 

25.18 
24.96 
24.75 
24.55 
24.35 
24.15 
23.96 
23.78 
~3.59 

23.42 

23.26 
22.96 
22.71 
22.49 
22.32 
22.17 
22.05 
21.95 
21.86 
21.79 

21.73 
21.68 
21.61 

21.60 
21.57 
21.55 
21.53 
21.51 
21.50 
21.49 

21.49 

Cp 

J/mol·K 

53.09 
53.17 
53.28 
53.40 
53.53 
53.68 

53.85 

54.02 
54.20 

54.39 
54.59 

54.80 
55.00 
55.22 
55.43 
55.65 
55.87 

56.10 
56.32 
.'i6 . .'i4 

56.76 
56.97 
57.18 
57.38 
57.57 
57.75 
57.91 

58.04 
58.26 
58.24 
57.94 
57.34 
56.48 
55.40 
54.16 
52.84 
5l.49 

50.15 
47.60 
45.33 
43.38 
41.73 
40.33 
39.16 
38.16 
37.31 
36.:;9 

35.96 
35.41 
31.94 

34.52 
34.15 
33.82 
33.53 
33.27 
33.04 
32.83 

32.65 

Velocity 
of sound 

mls 

837. 
821. 
806. 
79l. 
776. 
761-

747. 

733. 
719. 

705. 
691. 
678. 
665. 
652. 
640. 
627. 
615. 

603. 
591. 
AAO 

569. 
558. 
547. 
536. 
526. 
516. 
507. 

497. 
476. 
457. 
440. 
426. 
414. 
405. 
398. 
392. 
388. 

385. 
383. 
383. 
385. 
388. 
392. 
396. 
401. 
406. 
411. 

416. 
42l. 
426. 

431. 
436. 
441. 
446. 
451. 
456. 
461. 

465. 



Temper. 
ature 
kelvin 

420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 

760 
780 

800 

850 
900 
950 

](1(10 

1050 
1100 
1150 
1200 

Density 
mol/l 

4.75899 
4.53524 
4.33356 
4.15065 
3.98385 
3.83100 
3.69032 
3.56033 
3.43980 

3.32767 
3.22306 
3.12519 
3.03341 
2.94714 
2.86588 
2.78918 
2.71005 

2.64796 
2.58279 

2.62087 

2.37874 
2.25224 
2.13886 
2.0366(1 

1.94388 
1.85939 
1.78206 
1.71100 

• 67.431 31.29360 
68 31.23599 

70 
72 
74 
76 
78 
80 
82 
84 
86 
88 

90 
92 

94 
96 
98 

100 

102 
104 
106 
108 

110 
112 
114 
116 

31.02928 
30.81620 
30.59696 
30.37187 
30.14133 
29.90578 
29.66564 
29.42134 
29.17327 
28.92175 

28.667<l9 . 
28.409::02 

28.14924 
27.88641 
27.62115 
27.35355 

27.08368 
26.8ll59 
26.53731 
26.26088 

25.98233 
25.70168 
.25.4]896 
25.13420 

Isotherm 
derivative 
I· bar/mol 

41.93 
.43.92 

45.88 
47.82 
49.74 
51.63 
53.51 
55:37 
57.22 

59.05 
60.87 
62.68 
64.48 
66.26 
68.04 
69.82 
71.58 

73.34 
75.09 

76.&4 

81.18 
85.50 
89.79 
04.06 

98.31 
102.55 
106.78 
111.00 

254,01 
248.13 

229.31 
212.97 
198.69 
186.13 
175.00 
]65.06 
156.13 
148.03 
140.63 
133.83 

127.53 
121.67 

116.17 
110.99 
106.10 
101.17 

97.06 
92.87 
88.87 
85.05 

81.40 
77.91 
74.58 
71.39 

THERMODYNAMIC: PROPERTIES· OF NI1'ROGEN 

Thermodynamic properties of nitrogen-Continued 

. Isochore 
derivative 

bar·K 

0.4950 
0.4658 
0.4400 
0.4171 
0.3967 
0.3782 
0.3615 
0.3463 
0.3323 

0.3195 
0.3078 
0.2968 
0.2867 
0.2773 
0.2685 
0.2602 
0.2525 

0.2453 
0.2384 

0.2320 
0.2173 
0.2045 
0.1931 
0.1I!20 

0.1738 
0.1656 
0.11i82 
0.1514 

25.61 
25.25 

24.07 
23.02 
22.08 
21.21 
20.40 
19.64 
18.91 
18.23 
17.57 
16.94 

16.33 
1::0.75 

15.19 
14.65 
14.14 
13.63 

13.15 
12.69 
12.23 
11.80 

11.38 
10.97 
10.58 
10.20· 

Internal 
energy 
llmol 

8135.7 
8593.2 
9048.2 
9S01.3 
9953.3 

10404.6 
1()855.7 

11307.0 
11758.9 

12211.6 
12665.3 
13120.4 
13576.9 
14035.1 
14495.0 
14956.9 
15420.IJ 

15886.4 
16354.3 

16824.3 

18008.8 
19206.8 
20418.3 
21642.11 

22879.9 
24129.1 
25389.7 
26661.1 

Enthalpy 
Jjmol 

11918.0 
12562.2 
13201.8 
13838.0 
14471.5 
15103.1 
15733.4 
16362.7 
16991.7 

17620.7 
182SO.1 
18880.0 
19510.8 
20142.7 
20775.8 
21410.4 
2204tL4 

22684.1 
23323.5 

23964.7 

25575.8 
27198.9 
28834.0 
3041!1.1 

. 32139.8 
33809.7 
35490.4 
37181.3 

200 bar lsobar 

-4134.3 
-4105.5 

-4004.1 
-3902.7 
-3801.5 
-3700.6 
-3600.0 
-3499.8 
-3399.8 
-3300.2 
-320.0..9 
-3101.7 

-3002.8 
-2904.1 

-2805.5 
-2707.1 
-2608.7 
-2510.1 
-2412.1 
-2313.8 
-2215.5 
-2117.2 

-2018.9 
-1920.6 
-1822.2 
-1723.7 

-3495.2 
-3465.2 

-3359.5 
-3253.7 
-3147.9 
-3042.1 
-2936.5 
-2831.0 
-2725.7 
-2620.4 
-2515.3 
-2410..2 

-2305.2 
...,2200.1 

-2095.0 
-1989.9 
-1884.6 
-1779.2 

-1673.6 
-1567.8. 
-1461.9 
-1355.6 

-1249.1 
-1142.4 
-1035.4 
-928.0 

Entropy Co 
JJmol·K l!mo}·K 

157.11 21.50 
158.6121.52 
160.03' 21.55 
161.39 21.60 
162.68 21.66 
163.92 21. 73 . 
165.11 21.80 
166.25 21.89 
167.36 21.98 

168.42 22.09 
169.46 22.19 
170.46 22.30 
171.43 22.42 
172.37 22.54 
173.29 22.66 
174.18 22.79 
175.05 22.91 

175.90 23.04 
176.73 23.16 

177.&4 2.'3.29 

179.50 . 23.60 
181.35 23.91 
183.12 24.20 
.1114.S1 !H.1S, 

186.43 24.75 
187.98 25.00 
189.48 25.23 
190.92 25.46 

69.15 
69.59 

71.12 
72.61 
74.06 
75.47 
76.84 
78.18 
79.48 
80.75 
81.98 
83.19 

84.37 
85.53 

86.66 
87.76 
88.85 
89.91 

90.96 
91.99 
93.00 
93.99 

94.97 
95.93 
96.87 
97.81 

34.06 
33.51 
32.94 
32.36 
31.81 
31.29 
30.81 
30.37 
29.97 

29.61 
29.28 

28.99 
28.72 
28.48 
28.26 

28.06 
27.87 
27.70 
27.54 

27.39 
27.24 
27.11 
26.98 

Cp 

Jjmo}·K 

32.33 
32.09 
31.89 
31.74 
31.62 
31.54 
31.49 
.31.46 
31.45 

31.46 
31.48 
31.52 
31.57 
31.62 
31.69 
31.76 
31.84 

31.93 
32.0.1 

:12.11 

32.34 
32.58 
32.82 
33.06 

33.29 
33.51 
33.72 
33.92 

52.93 
52.90 
52.85 
52.77 
.52.70 
52.64 
52.59 
52.55 
52.53 

52.52 
52.53 

52.56 
52.61 
52.67 
52.74 

52.83 
52.94 
53.05 
53.18 

53.31 
53.45 
53.59 
53.74 

Velocity 
of sound 

mjs 

474. 
484. 
492. 
SOL 
509. 
517. 
525. 
533. 
541. 

548. 
555. 
562. 
569. 
576. 
583. 
589. 
59IJ. 

602. 
609. 

61'::;. 

630, 
645. 
659. 
673. 

687. 
70l. 
714. 
727. 

1087. 
1058. 
1032. 
1009. 
988 . 

- 968. 
950. 
932. 
915. 

899 . 
Ba3. 

867. 
852. 
837. 
022. 

808. 
794. 
780. 
766. 

752. 
739. 
725. 
713. 

849. 
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850 

Temper .. 

ature 
kelvin 

118 
120 
122 
124 
126 
128 

130 
132 
134 
136 
138 
140 
142 
J44 
146 
148 

150 
155 
J60 
165 
170 
175 
180 
185 

190 
195 

200 

210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
~40 

560 
580 

600 

620 

nlJ:noQ,lty 

moll} 

24.84744 
.24.55871 
24.26807 
23.97557 
23.68127 
23.38524 

23.08757 
22.78834 
22.48764 
22.18560 
21.88233 
21.57797 
21.27267 
20.96662 
20.65999 
20.35301 

20.04592 
19.27956 
J8.51918 
17.77055 
17.03987 
16.33317 
15.65566 
15.01128 

14.40251 
)3.83044 

13.29497 

12.32930 
11.49162 
10.76452 
10.13082 
9.5752J 
9.08475 
8.64877 
8.25862 
7.90724 

7.58893 
7.2990J 
7.03364 
6.78966 
6.56442 
6.35571 
6.16J65 
5.98064 
5.81132 
5.65253 

5.50323 
5.22969 
4.98486 
4.76416 
4.56397 
4.38]41 
4.21409 
4.06008 

3.91777 
3.78580 

3.66302 

3.54846 

l!O.othpt'nt 

derivative 
)·bar/mol 

68.35 
65.44 
62.66 
60.01 
57.47 
55.05 

52.75 
50.55 
48.45 
46.46 
44.56 
42.75 
41.04 
39.41 
37.88 
36.42 

35.05 
31.99 
29.41 
27.30 
25.62 
24.32 
23.35 
22.67 

22.23 
21.97 

21.88 

22.04 
22.55 
23.28 
24.16 
25.12 
26.15 
27.21 
28.29 
29.37 

30.47 
3J.55 
32.64 
33.72 
34.79 
35.85 
36.90 
37.95 
38.99 
40.02 

41.04 
43.06 
45.06 
47.02 
48.97 
50.89 
52.79 
54.68 

56.55 
58.40 

60.21 

62.07 
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Thermodynamic properties of nitrogen-Continued 

l~o~horp 

derivative 
bar·K 

9.83 
9.48 
9.14 
8.80 
8.48 
8.17 

7.87 
7.58 
7.30 
7.03 
6.77 
6.52 
6.27 
6.04 
5.8J 
5.59 

5.38 
4.89 
4.44 
4.04 
3.69 
3.37 
3.09 
2.84 

2.62 
2.43 

2.26 

1.98 
1.76 
1.58 
1.43 
1.3J 
L2J 
J.l2 
1.05 

0.9811 

0.9244 
0.8743 
0.8296 
0.7897 
0.7536 
0.7209 
0.6912 
0.6639 
0.6389 
0.6158 

0.5945 
0.5562 
0.5229 
0.4935 
0.4675 
0.4442 
0.4233 
0.4044 

0.3872 
0.3714 

0.3570 

0.3437 

Intprn",l 

energy 
l/mol 

-1625.3 
-1526.8 
-1428.3 
-1329.8 
-1231.2 
-1132.7 

-1034.2 
-935.8 
-837.4 
-739.1 
-640.9 
-542.8 
-444.9 
-347.1 
-249.6 
-152.3 

-55.4 
185.6 
423.7 
658.2 
888.4 

1113.3 
1332.4 
1545.4 

1751.8 
1951.9 

2115.6 

2515.1 
2863.0 
3192.4 
3506.2 
3806.9 
4096.8 
4377.6 
4650.7 
4917.5 

5178.7 
5435.3 
5687.8 
5936.9 
6182.9 
6426.2 
6667.2 
6906.2 
7143.3 
7378.9 

7613.0 
8077.8 
8538.8 
8996.9 
9452.9 
9907.4 

10361.2 
10014.5 

11267.9 
11721.6 

12176.1 

12631.5 

Enthalpy 
J/mo} 

-820.4 
-712.4 
-604.2 
-495.6 
-386.7 
-277.5 

-168.0 
-58.1 

52.0 
162.4 
273.1 
384.1 
495.3 
606.8 
718.4 
830.3 

942.3 
1222.9 
1503.7 
1783.7 
2062.1 
2337.8 
2609.9 
2077.7 

3140.5 
3398.0 

3619.9 

4137.2 
4603.4 
5050.4 
5480.3 
5895.6 
6298.3 
6690.0 
7072.4 
7446.8 

7814.1 
8175.4 
8531.3 
8882.5 
9229.6 
9573.0 
9913.1 

10250.3 
10584.9 
10917.1 

11247.3 
11902.1 
12550.9 
13194.9 
13835.0 
14472.2 
15107.1 
15740.5 

16372.8 
17004.5 

17636.0 

18267.7 

Entropy 
J/mo!·K 

98.73 
99.64 

100.53 
101.41 
102.28 
103.14 

103.99 
104.83 
105.66 
106.48 
107.28 
108.08 
108.87 
109.65 
110.42 
lll.l8 

111.93 
113.77 
115.56 
117.28 
118.94 
120.54 
122.07 
123.54 

124.94 
126.28 

127.56 

129.94 
132.10 
134.09 
135.92 
137.62 
139.20 
140.68 
142.07 
143.38 

144.63 
145.81 
146.94 
148.02 
149.06 
150.05 
151.01 
151.93 
152.83 
153.69 

154.53 
156.12 
157.63 
159.06 
160.43 
161. 73 
162.97 
164.17 

165.32 
166.42 

167.50 

168.53 

C. 
J/mol·K 

26.86 
26.74 
26.62 
26.51 
26.40 
26.29 

26.19 
26.08 
25.98 
25.88 
25.78 
25.68 
25.59 
25.49 
25.40 
25.30 

25.21 
24.99 
24.78 
24.57 
24.37 
24.18 
23.99 
23.01 

23.64 
23.48 

23.32 

23.04 
22.80 
22.59 
22.41 
22.26 
22.14 
22.03 
21.95 
21.87 

21.81 
21.75 
21. 71 
21.67 
21.63 
21.61 
21.59 
21.57 
21.56 
21.55 

21.54 
21.55 
21.57 
21.60 
21.64 
21.70 
21.76 
21.04 

21.93 
22.02 

22.12 
22.22 

C" 
J/mo)·K 

53.90 
54.05 
54.21 
54.37 
54.53 
54.68 

54.84 
54.99 
55.14 
55.28 
55.42 
55.55 
55.67 
55.79 
55.89 
55.98 

56.06 
56.16 
56.11 
55.88 
55.44 
54.81 
54.01 
53.07 

52.04 
50.95 

19.83 

47.65 
45.62 
43.81 
42.23 
40.86 
39.69 
38.69 
37.82 
37.07 

36.42 
35.85 
35.35 
34.91 
34.52 
34.17 
33.86 
33.58 
33.34 
33.12 

32.92 
32.58 
32.31 
32.09 
31.93 
3l.80 
31.70 
31.64 

31.60 
31.58 

:31.59 

31.59 

Velocity 
of sound 

m/s 

700. 
687. 
675. 
663. 
651. 
639. 

628. 
617. 
606. 
595. 
585. 
575. 
565. 
555. 
545. 
536. 

527. 
507. 
488. 
471. 
456. 
444. 
433. 
425. 

418. 
4]3. 

10B. 

403. 
401. 
401. 
403. 
406. 
409. 
413. 
417. 
422. 

426. 
431. 
436. 
440. 
445. 
450. 
455. 
459. 
464. 
469. 

473. 
482. 
491. 
499. 
508. 
5)6. 
524. 
532. 

539. 
547. 

554. 

561. 



Temper. 
ature 

kelvin 

640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
}050 
noo 
1150 
1200 

Density 
mol/l 

3.44127 
3.34074 
3.24623 
3.15719 
3.07315 
2.99368 
2.91839 
2.84695 

2.77907 
2.62322 
2.48445 
2.36004 
2.24780 
2.14599 
2.05319 
1.96823 
1.89014 

• 68.468 31.38709 
70 31.24023 
72 

74 
76 
78 

80 
82 
84 
86 
88 
90 
92 
94 
96 
98 

100 
102 
104 
106 
108 
1I0 
112 
114 
116 
118 

120 
122 
124-

126 
128 
130 
132 

. 134 
136 
138 

140 

31.04296 
30.83962 
30.63050 
30.41596 

30.19645 
29.97243 
29.74434 
29.51262 
29.27766 
29.03981 
28.79938 
28.55664 
28.31180 
28.06505 

27.81654 
27.56639 
27.31472 
27.06160 
26.80711 
26.55133 
26.29430 
26.03609 
25.77676 
25.5]0538 

25.25499 
24.99267 
24.72950 

24.46554 
24.20088 
23.93561 
23.66980 
23.40357 
23.13701 
22.87022 

22.60332 

isotherm 
derivative 
I·bar/mol 

63.88 
65.69 
67.48 
69.27 
71.05 
72.82 
74.58 
76.34 

78.09 
82.44 
86.77 
91.07 
95.34 
99.60 

103.85 
108.08 
112.3U 

259.39 
244.92 
!l!lB.!ll 

213.58 
200.71 
189.30 

179.13 
169.99 
161. 73 
154.20 
147.30 
140.93 
135.00 
129.46 
124.26 
119.36 

114.71 
110.30 
106.09 
102.08 
98.25 
94.59 
91.08 
87.72 
84.50 
81.42 

78.48 
.75.65 

7.2.95 

70.36 
67.89 
65.53 
63.26 
61.10 
59.04 
57.07 

55.19 

THERMODYNAMIC PROPERTIES OF NITROGEN 

Thermodynamic propenies of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.3314 
0.3200 
0.3094 
0.2995 
0.2902 
0.2815 
0.2734 
0.2657 

0.2585 
0.2420 
0.2277 
0.2149 
0.2036 
0.1934 
0.1842 
0.1759 
U.Jtl!l<l 

24.56 
23.78 
!l2.l!6 

22.03 
21.26 
20.55 

19.87 
19.22 
18.60 
18.00 
17.42 
16.85 
16;31 
15.78 
15.27 
14.78 

14.30 
13.84 
13.39 
12.95 
12.53 
12.13 
11.73 
11.35 
10.98 
lO.tJZ 

10.27 
9.94 

. 9.61 

9.30 
8.99 
8.70 
8.42 
8.14 
7.87 
7.62 

7.37 

Internal 
energy 
J/mol 

13088.1 
13546.1 
14005.7 
14466.9 
14929:9 
15394.9 
15861.8 
16330.7 

16801.7 
17988.4 
19188.5 
20401. 7 
21627.8 
22866.4 
24116.9 
25378.7 
Z()!J~1.Z 

Enthalpy 
. J/mol 

18899.9 
19532.8 
20166.7 
20801.6 
21437.9 
22075.6 
22714.9 
23355.8 

23998.4 
25612.7 
27238.5 
28876.1 
30525.4 
32186.1 
33857.8 
35540.1 
<l7:.:l<l:d.4 

250 bar Isobar 

-4111.7 
-4035.7 
-2926.5 

-3837.7 
-3739.2 
-3641.1 

-3543.4 
-3446.0 
-3349.0 
-3252.3 
-3155.8 
-3059.6 
-2963.7 
-2867.9 
-2772.4 
-2676.9 

-2581.7 
-2486.5 
-2391.5 
-2296.6 
-2201. 7 
-2107.0 
-2012.3 
-1917.8 
-1823.3 
-1'Iz8.<,1 

-1634.6 
-1540.4 
.,-1440.4 

-1352.4 
-1258.6 
-1165.0 
-1071.5 
-978.2 
-885.2 
-792.3 

-699.7 

-3315.1 
-3235.4 
:·3131.2 

-3027.1 
-2923.1 
-2819.2 

-2715.5 
-2611.9 
-2508.5 
-2405.2 
-2301.9 
-2198.8 
-2095.6 
-1992.S 
-1889.3 
-1786.2 

-1682.9 
-1579.6 
-1476.2 
-1372.8 
-1269.2 
-1165.4 
-1061.6 
-957.6 
-853.4 
-74<,1.1 

-644.7 
-540.1 
-435.4 

-330.6 
-225.6 
-120.5 
-15.3 

90.0 
195.3 
300.8 

406.3 

Entropy 
J/mo}·K 

169.53 
170.51 
171.45 
172.37 
173.27 
174.14 
175.00 
175.83 

176.64 
178.60 
180.46 
182.23 
183.92 
185.54 
187.10 
188.59 
190.03 

69.45 
70.60 
72.07 

73.49 
74.88 
76.23 

77.54 
78.82 
80.07 
1l1.211 
82.47 
83.63 
84.76 
85.87 
86.96 
88.02 

89.06 
90.09 
91.09 
92.0B 
93.04 
94.00 
94.93 
95.85 
96.76 
!17.65 

98.53 
99.39 

100.24 

101.08 
101.91 
102.72 
103.53 
104.32 
105.10 
105.87 

106.63 

C • 
J/mol·K 

22.33 
22.45 
22.57 
22.69 
22.81 
22.94 
23.06 
23.19 

23.31 
23.62 
23.93 
24.22 
24.50 
24.76 
25.01 
25.25 
25.47 

34.90 

34.36 
33.72 
33.08 

32.48 
31.91 
31.38 
HO QO 

30.47 
30.07 
29.71 
29.39 
29.10 
28.83 

28.59 
28.37 
28.16 
27.98 
27.80 
27.64 
27.4S 
27.34 
27.20 
27.07 

26.94 
26.82 
2ti.iU 

26.58 
26.47 
26.36 
26.25 
26.14 
26.04 
25.94 

25.83 

C. 
J/mol·K 

31.62 
31.67 
31.72 
31.78 
31.85 
31.92 
32.00 
32.09. 

32.17 
32.40 
32.63 
32.87 
33.10 
33.33 
33.54 
33.75 
33.94 

52.09 

52.04 
51.97 
51.89 

51.81 
51.74 
51.69 
51.64 

51.60 
51.58 
51.57 
51.57 
51.58 
51.60 

51.63 
51.67 
51.72 
51.77 
51.83 
51.90 
51.96 
52.04 
52.11 
52.18 

52.25 
52.32 
~Z.<S!i 

52.45 
52.51 
52.57 
52.62 
52.67 
52.71 
52.74 

52.77 

Velocity 
of sound 

m/s 

568. 
575. 
582. 
589. 
595. 
601. 
608. 
614. 

620. 
635. 
650. 
664. 
678. 
692. 
705. 
718. 
731. 

1101. 

1075. 
1051. 
1029. 

1010. 
992. 
975. 
959. 

944. 
929. 
915. 
901. 
887. 
873. 

860. 
M7. 
834. 
821. 
809. 
796. 
784. 
772. 
760. 
749. 

737. 
. 726. 

715. 
704. 
693. 
683. 
673. 
663. 
653. 
644. 
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852 

Temper. 
ature 
kelvin 

142 
144 
146 
148 
150 
155 
160 
165 
170 

175 
180 
185 
190 
195 
200 
210 
220 
230 
240 

250 
ZoU 

270 
280 
290 
300 

310 
320 
330 
340 

350 
360 
370 

380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

Density 
molll 

22.33642 
22.06964 
21.8031] 
21.53696 
21.27132 
20.61045 
19.95613 
19.31100 
18.67785 

18.05949 
17.45862 
16.87762 
16.31846 
15.78259 
15.27092 
14.32125 
13.46762 
12.70360 
12.02052 

11.40909 
lU.IlOUJ4 

10.366]1 
9.91919 
9.51336 
9.14329 

8.80444 
8.49298 
8.20562 
7.93957 

7.69247 
7.46225 
7.2~716 

7.04569 
6.85649 
6.67843 
6.35176 
6.05895 
5.79469 
5.55477 

5 .• '33578 
5.13494 
4.94996 
4.77892 
4.62023 
4.47251 
4.33461 
4.20553 
4.08441 
3.97050 

3.86313 
3.76175· 
3.66583 
3.57493 
3.48865 
3.40663 
3.218J8 
3.05024 
2.89953 
2.76345 

Isotherm 
derivative 
I'har/mol 

53.40 
51.69 
50.06 
48.51 
47.04 
43.67 
40.74 
38.21 
36.05 

34.24 
32.74 
31.53 
30.57 
29.83 
29.28 
28.65 
28.49 
28.68 
29.11 

29.72 
3U.4::' 

31.28 
32.J6 
33.10 
34.06 

35.05 
36.05 
37.06 
38.08 

39.10 
40.11 
41.13 

42.14 
43.15 
44.16 
46.16 
48.14 
50.10 
52.04 

53.96 
55.87 
57.76 
59.64 
61.50 
63.35 
65.19 
67.01 
68.83 
70.64 

72.43 
74.22 
76.00 
77.77 
79.54 
81.30 
85.67 
90.01 
94.33 
98.62 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

har'K 

7.12 
6.89 
6.67 
6.45 
6.24 
5.75 
5.30 
4.89 
4.52 

4.18 
3.87 
3.60 
3.35 
3.13 
2.92 
2.58 
2.30 
2.07 
1.88 

1. 72 
1.::'8 

1.47 
1.37 
1.28 
l..n 
1.14 
1.08 
1.02 

0.9756 

0.93J8 
0.8920 
0.8557 

0.8223 
0.7916 
0.7632 
0.7125 
0.6685 
0.6299 
0.5957 

0.5653 
0.5379 
0.5J33 
0.4909 
0.4705 
0.4518 
0.4346 
0.4187 
0.4040 
0.3904 

0.3777 
0.3658 
0.3547 
0.3443 
0.3344 
0.3252 
0.3043 
0.2860 
0.2698 
0.2554 

Internal 
energy 
llmol 

-607.4 
-515.3 
-423.5 
-332.1 
-241.0 
-14.8 
208.7 
429.2 
646.3 

859.8 
1069.2 
1274.3 
1475.0 
167].0 
1862.5 
2231.8 
2583.9 
2920.3 
3242.7 

3552.9 
3852.5 

4142.9 
4425.4 
4701.1 
4970.7 

5235.3 
5495.3 
5751.4 
6004.0 

6253.6 
6500.5 
6745.0 

6987.5 
7228.0 
7466.9 
7940.4 
8409.2 
8874.5 
9337.1 

9797.8 
10257.1 
10715.6 
] Jl73. 7 
11632.0 
12090.6 
]2550.0 
13010.2 
13471. 7 
]3934.5 

14398.8 
]4864.8 
15332.4 
15802.0 
16273.4 
16746.7 
17938.8 
19143.7 
20361.2 
2]591.2 

Enthalpy 
llmol 

511.9 
617.5 
723.1 
828.7 
934.3 

1198.] 
1461.4 
1723.8 
1984.8 

2244.1 
2501.2 
2755.6 
3007.0 
3255.0 
3499.6 
3977.4 
4440.2 
4888.2 
5322.5 

5744.2 
fil54.5 

6554.6 
6945.8 
7328.9 
7705.0 

8074.8 
8438.9 
8798.] 
9152.8 

9503.6 
9850.7 

10194.7 

10535.7 
10874.2 
11210.3 
llS76.3 
12535.3 
13]88 .. 8 
13837.8 

]4483.1 
15125.7 
15766.] 
16405.0 
17043.0 
17680.3 
18317.5 
18954.8 
19592.5 
2023].0 

20870.2 
21510.6 
22152.2 
22795.1 
23439.5 
24085.3 
25707.2 
27339.7 
28983.3 
30637.9 

Entropy 
llmo!·K 

107.38 
108.11 
108.84 
109.56 
110.27 
112.00 
113.67 
115.29 
116.84 

118.35 
119.80 
121.19 
122.53 
123.82 
125.06 
127.39 
129.54 
131.54 
133.38 

135.11 
136.71 

138.22 
139.65 
140.99 
142.27 

143.48 
144.64 
]45.74 
146.80 

147.82 
148.79 
149.74 

150.65 
]51.53 
152.38 
154.00 
155.53 
156.99 
158.37 

]59.69 
]60.95 
162.15 
163.32 
]64.44 
165.52 
]66.56 
167.57 
168.55 
]69.5] 

170.43 
171.33 
172.21 
173.07 
173.91 
]74.73 
176.69 
178.56 
180.33 
182.03 

Co 
J/mo}·K 

25.73 
25.64 
25.54 
25.44 
25.35 
25.12 
24.90 
24.69 
24.49 

24.30 
24.]2 
23.95 
23.78 
23.63 
23.49 
23.22 
22.99 
22.79 
22.62 

22.47 
22.34 

22.23 
22.13 
22.05 
21.90 

21.92 
21.87 
21.82 
21.78 

21.75 
21.73 
21.70 

21.69 
2].68 
21.67 
21.66 
21.68 
21.70 
21.74 

21. 79 
21.86 
21.93 
22.01 
22.10 
22.20 
22.30 
22.41 
22.52 
22.63 

22.75 
22.87 
23.00 
23.12 
23.24 
23.37 
23.67 
23.97 
24.26 
24.54 

Cp 

J/mo!·K 

52.79 
52.B1 
52.8] 

52.81 
52.80 
52.72 
52.58 
52.36 
52.05 

51.65 
51.16 
50.59 
49.96 
49.27 
48.54 
4·7.03 
45.53 
44.10 
42.78 

41.58 
40.50 

39.55 
38.70 
37.95 
37.20 

36.69 
36.16 
35·.69 
35.27 

34.89 
34.55 
34.24 

33.97 
33.72 
33.50 
33.12 
32.80 
32.55 
32.35 

32.19 
32.07 
31.98 
31.92 
31.88 
31.86 
31.86 
31.B7 
31.90 
31.94 

:H.99 
32.05 
32.11 
32.]8 
32.26 
32.33 
32.54 
32.76 
32.98 
33.20 

Velocity 
of sound 

mls 

625. 
6]6. 
6OB. 
600. 
591. 
572. 
554. 
538. 
523. 

510. 
49B. 
488. 
479. 
471. 
465. 
455. 
449. 
44::'. 

443. 

443. 
444. 

446. 
448. 
451. 
454. 

45B. 
461. 
465. 
469. 

473. 
477. 
4tH. 

485. 
490. 
494. 
502. 
510. 
518. 
526. 

533. 
541. 
548. 
556. 
563. 
570. 
577. 
583. 
590. 
597. 

603. 
609. 
615. 
622. 
628. 
634. 
648. 
663 .. 

677. 
690. 



Temper. 
alure 
kelvin 

1050 
1100 
1150 
1200 

Density 
moI/l 

2.63990 
2.52720 
2.42394 
2.32895 

• o!l.4!l3 31.48354 
70 31.43812 
72 
74 
76 
78 

80 
02 

84 
86 
88 
90 

92 
94 
96 
98 

100 
1q2 
104 
106 
108 
] 10 
112 
114 
116 
lJ8 

120 
122 
124 
126 
128 
130 
132 
134 
136 
138 

140 
142 

144 
146 
148 
ISO 

155 
160 
165 
170 

175 
180 
185 

31.25505 
31.06593 
30.8710] 
30.67064 

30.46524 
30.25529 

30.04]25 
29.82358 
29.60271 
29.37905 

29.15294 
28.92470 
28.69459 
28.4(28); 

28.22968 
27.99523 
27.75965 
27.52305 
27.28554 
27.04722 
26.80815 
26.56841 
26.32808 
26.08723 

25.84591 
25.60420 
25.36216 
25. Jl988 
24.87741 
24.63484 
24.39225 
24.14971 
23.90732 
23.66514 

23.42328 
2:3.10182 

22.94085 
22.70046 
22.46075 
22.22190 

21.62843 
21.04199 
20.4640) 
19.89606 

19.33968 
18.79634 
18.26741 

I I Isotherm 
i derivative 

)·bar/mol 

102.89 
107.14 
111.38 
115.6] 

265.30 
260.58 
243.47 
228.47 
2J5.24 
203.52 

193.07 
183.u9 

175.23 
J67.53 
160.48 
151.00 

147.98 
142.38 
137.12 
13? J7 

127.50 
123.06 
118.83 
114.80 
110.95 
107.26 
103.73 
100.34 
97.09 
93.98 

90.98 
88.11 
85.36 
82.72 
80.19 
77.76 
75.44 
73.21 
71.07 
69.03 

67.08 
65.21 

63.42 
61.71 
60.08 
69.52 

54.92 
51. 73 
48.92 
46.45 

44.30 
42.45 
40.87 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.2425 
0.2309 
0.2204 
0.2]08 

23.67 
23.45 
22.66 
21.94 
21.28 
20.65 

20.06 
19.4Il 

18.92 
18.37 
17.84 
17.32 

16.81 
16.32 
15.83 
15.36 

14.91 
14.46 
14.03 
13.61 
13.20 
12.80 
]2.42 
12.04 
11.68 
11.33 

10.99 
]0.66 

10.34 
10.03 
9.72 
9.43 
9.15 
Il.BS 
8.61 
8.35 

8. Jl 
7.87 

7.63 
7.41 
7.19 
6.98 

6.48 
6.03 
5.61 
5.23 

4.87 
4.55 
4.26 

Internal 
energy 
Jlmo) 

22833.3 
24087.0 
25351.6 
26626.8 

Enthalpy 

J/mol 

32303.3 
33979.3 
35665.4 
3736].2 

300 bar Isobar 

-4088.1 
-4063.4 
-3966.4 
-3869.7 
-3773.4 
-3677.5 

-3582.0 
-34a7.0 

-3392.2 
-3297.8 
-3203.7 

3109.9 

-3016.3 
-2922.9 
-2829.8 
-2736.S 

-2644.1 
-2551.5 
-2459.0 
-2366.8 
-2274.7 
-2182.7 
-2090.9 
-1999.2 
-1907.7 
-1816.4 

-1725.2 
-1634.2 
-1543.4 
-1452.8 
-1362.3 
-1272.1 
-llS2.2 
-1092.4 
-1003.0 
-913.7 

-824.8 
-730.2 

-647.9 
-559.9 
-472.2 

305.0 

-168.4 
45.7 

257.0 
465.4 

670.7 
872.7 

1071.2 

-3135.2 
-3109.2 
-3006.5 
-2904.0 
-2801.6 
-2699.4 

-2597.3 
-2495.4 

-2393.6 
-2291.9 
-2190.3 

2000.7 

-1987.2 
-J885.7 
-1784.3 
-i692.B 

-1581.3 
- ]479.9 
-1378.3 
-1276.8 
-1175.2 
-1073.5 
-971.8 
-870.] 
-768.3 
-666.4 

-564.5 
-462.5 
-360.5 
-258.5 
-156.4 
-54.4 

47.7 
149.8 
251.9 
353.9 

456.0 
557.9 

659.8 
761.7 
863.4 
965.1 

1218.7 
1471.4 
1723.0 
]973.2 

2221.9 
2468.7 
2713.5 

Entropy 

J/moH< 

183.66 
185.22 
186.72 
188.16 

69.75 
70.12 
71.57 
72.98 
74.34 
75.67 

76.96 
78.22 

79.44 
80.64 
81.81 
02.9:; 

84.07 
85.16 
86.23 
1l7.27 

1l1l.30 
89.30 
90.29 
91.25 
92.20 
93.14 
94.05 
94.95 
95.84 
96.71 

97.57 
98.41 
99.24 

100.05 
100.86 
10].65 
]02.43 
103.20 
103.95 
]04.70 

105.43 
100.15 

106.87 
107.57 
108.26 
100.94 

110.6J 
112.21 
1]3.76 
115.25 

]]6.69 
]]8.09 
]]9.43 

C,. 

J/mo]·K 

24.80 
25.05 
25.28 
25.50 

35.77 
35.01l 
34.37 
33.69 

33.03 
3:l.42 

31.86 
31.34 
30.88 
30.45 

30.07 
29.72 
29.41 
29.13 

28.87 
28.63 
28.42 
28.22 
28.03 
27.86 
27.70 
27.55 
27.40 
27.26 

27.13 
27.01 
26.88 
26.76 
26.65 
26.53 
26.42 
26.32 
26.21 
26.11 

26.00 
2:'.9U 

25.80 
25.71 
25.61 
25.52 

25.29 
25.07 
24.86 
24.66 

24.46 
24.28 
24.11 

Cp 

J/mo)·K 

33.42 
33.62 
33.82 
34.01 

51.31 
51.23 
51.15 
51.07 

50.99 
5U.n 

50.87 
50.83 
50.79 
50.77 

50.75 
50.74 
50.73 
50.73 

50.74 
50.75 
50.77 
50.79 
50.81 
50.84 
!iO.flll 
50.89 
50.92 
50.94 

50.97 
50.99 
51.01 
51.02 
51.04 
51.04 
51.04 
51.04 
51.03 
51.02 

51.00 
5U.!!7 

50.94 
50.90 
50.85 
50.80 

50.64 
50.44 
50.19 
49.90 

49.56 
49.17 
48.74 

Velocity 

of sound 
m/s 

703. 
716. 
729. 
742. 

ll17. 
1091. 
1069. 
1049. 

1031. 
JU15. 

999. 
985. 
971. 
957. 

944. 
931. 
919. 
907. 

894. 
882. 
871. 
859. 
847. 
836. 
R?!; 

1l13. 
803. 
792. 

781. 
771. 
760. 
750. 
740. 
731. 
721. 
712. 
703. 
694. 

685. 
677. 
669. 
660. 
653. 
645. 

627. 
610. 
594. 
579. 

566. 
554. 
543. 
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Temper· 
ature 
kelvin 

190 
195 
200 
210 
220 
230 
240 

250 
260 
270 

280 
290 
300 
310 
320 
330 
340 

350 
360 
370 
380 

390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
1100 
1150 
1200 

Density 
mol/l 

17.75410 
17.25742 
16.77813 
15.87361 
15.04188 
14.28112 
13.58733 

12.95529 
12.37931 
11.85311 

11.373)] 
10.93256 
10.52763 
10.15437 
9.80931 
9.48941 
9.19202 

8.91482 
8.65578 
8.41312 
8 18529 

7.97092 
7.76879 
7.39714 
7.06314 
6.76108 
6.48636 

6.23523 
6.00461 
5.79197 
5.59516 
5.41238 
5.24211 
5.08304 
4.93403 
4.79412 
4.66245 

4.53828 
4.42096 
4.30991 
4.20461 
4.10461 
4.00950 
3.79082 
3.59573 
3.42047 
3.26207 

3.11814 
2.98672 
2.86622 
51 75528 

• 70.506 31.58195 
72 31.45422 
74 31.27794 

Isotherm 
derivative 
I·bar/mol 

39.53 
38.41 
37.49 
36.17 
35.40 
35.05 
35.03 

35.24 
35.64 
;SO.!Y 

36.84 
37.57 
38.36 
39.20 
40.08 
40.99 
41.91 

42.85 
43.80 
44.76 
45.72 

46.69 
47.66 
49.60 
51.54 
53.46 
55.38 

57.29 
59.18 
61.06 
62.93 
64.79 
66.64 
68.48 
70.30 
72.12 
73.93 

75.73 
77.52 
79.30 
81.08 
82.85 
84.61 
89.00 
93.35 
97.67 

101.97 

106.24 
110.50 
114.75 
118.98 

271.65 
258.78 
243.38 
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Thermodynamic properties of nitrogen.:..Continued 

Isochore 
derivative 

bar·K 

3.99 
3.75 
3.53 
3.14 
2.82 
2.55 
2;32 

2.13 
1.96 
1.82 

1.69 
1.59 
1.49 
1.41 
1.33 
1.26 
1.20 

U5. 
1.10 
1.05 
1.0] 

0.9715 
0.9359 
0.8724 
0.8173 
0.7691 
0.7265 

0.6886 
0.6547 
0.6241 
0.5964 
0.5711 
0.5480 
0.5268 
0.5073 
0.4892 
0.4724 

0.4568 
0.4422 
0.4286 
0.4158 
0.4038 
0.3925 
0.3670 
0.3447 
0.3250 
0.3075 

0.2919 
0.2778 
0.2651 
0.2535 

22.91 
22.42 
21.81 

Internal 
energy 
J/mol 

1266.3 
1457.8 
1645.6 
2010.5 
2361.5 
2699.2 
3024.8 

3339.5 
3644.4 
394U.6 
4229.1 
4510.8 
4786.5 
5057.0 
5322.7 
5584.3 
5842.2 

6096.8 
6348.5 
6597.7 
6B11.5 

7089.2 
7332.1 
7813.1 
82RRR 

8760.5 
9228.9 

9694.9 
10159.3 
10622.4 
11085.0 
11547.3 
12009.7 
12472.6 
12936.3 
13400.9 
13866.8 

14333.9 
14802.5 
15272.8 
15744.7 
16218.4 
16694.0 
17891.2 
19100.6 
20322.2 
21555.9 

22801.3 
24058.0 
25325.4 
26603.1 

Enthalpy 

J/mol 

2956.1 
3196.2 
3433.7 
3900.5 
4355.9 
4799.9 
5232.8 

5655.2 
6067.8 
6471.5 

6866.9 
7254.9 
7636.2 
8011.4 
8381.0 
8745.7 
9105.9 

9462.0 
9814.4 

10163.5 
10509.6 

10852.9 
11193.7 
11868.7 
12fi!l/UI 

13197.6 
13854.0 

14506.3 
15155.4 
15802.0 
16446.7 
17090.1 
17732.6 
18374.6· 
19016.5 
19658.6 
20301.1 

20944.3 
21588.4 
22233.5 
22879.8 
23527.3 
24176.2 
25805.0 
27443.8 
29092.9 
30752.5 

32422.4 
34102.4 
35792.2 
37-:19UI 

350 bar Isobar 

-4063.7 -2955.5 
-3992.7 -2879.9 
-3897.9 -2778.9 

Entropy 

J/mol·K 

120.72 
121.97 
123.17 
125.45 
127.57 
129.54 
131.38 

133. II 
134.73 
136.25 

137.69 
139.05 
140.34 
141.57 
142.75 
143.87 
144.94 

145.98 
146.97 
147.93 
Hg.85 

149.74 
150.60 
152.25 
1fi!UIO 

155.27 
156.67 

158.00 
159.27 
160.49 
161.67 
162.80 
163.88 
164.94 
165.96 
166.94 
167.90 

168.84 
169.74 
170.63 
171.49 
172.33 
173.15 
175.13 
177.00 
178.78 
180.48 

182.11 
183.68 
185.18 
1116.63 

70.05 
71.11 
72.50 

Cv 

J/mo)·K 

23.95 
23.80 
23.66 
23.40 
23.17 
22.97 
22.80 

22.65 
22.52 
22.40 

22.30 
22.22 
22.14 
22.07 
22.02 
21.97 
21.92 

21.89 
21.86 
21.83 
21.111 

21.79 
21.78 
21.77 
511 711 

21.80 
21.84 

21.88 
21.94 
22.01 
22.09 
22.18 
22.27 
22.37 
22.47 
22.58 
22.70 

22.81 
22.93 
23.05 
23.18 
23.30 
23.42 
23.72 
24.02 
24.30 
24.58 

24.84 
25.08 
25.32 
25.63 

36.43 
35.68 

Cp 

J/mo}·K 

48.27 
47.77 
47.23 
46.12 
44.97 
43.84 
42.75 

41.74 
40.80 
39.94 
39.16 
38.45 
37.81 
37.23 
36.71 
36.24 
35.81 

35.42 
35.07 
34.75 
34.46 

34.20 
33.96 
33.55 
33.21 

32.94 
32.71 

32.53 
32.39 
32.28 
32.20 
32.14 
32.11 
32.10 
32.10 
32.11 
32.14 

32.18 
32.23 
32.28 
32.34 
32.41 
32.48 
32.67 
32.88 
33.09 
33.30 

33.50 
33.70 
33.89 
34.07 

50.56 
50.47 

Velocity 
of sound 

m/s 

533. 
525. 
517. 
504. 
495. 
489. 
484. 

482. 
480. 
480. 
481. 
482. 
484. 
486. 
488. 
491. 
494. 

498. 
501. 
504. 
60B. 

511. 
515. 
522. 
S30. 

537. 
544. 

551. 
558. 
565. 
572. 
579. 
586. 
592. 
599. 
605. 
611. 

617. 
624. 
630. 
636. 
641. 
647. 
661. 
675. 
689. 
702. 

715. 
728. 
740. 
753. 

1132. 
1109. 



Temper-
ature 
kelvin 

76 
78 

80 
82 
94 

86 
88 
90 
92 

94 
96 
98 

100 
102 
104 
106 
108 
110 
112 
114 
116 
118 

120 
122 
124 
126 
128 
]30 
132 
]34 
136 
liSlS 

140 
142 
144 

146 
148 
150 
155 
160 
165 
170 

175 
180 
185 
190 

195 
200 
210 
220 
230 
240 

250 
260 
270 
280 
290 
300 

Density 
molll 

31.09579 
30.90812 

30.71533 
30.51787 
30.31623 

30.11088 
29.90229 
29.69088 
29.47706 

29.26114 
29.04346 
28.82427 

28.60382 
28.38229 
28.15986 
27.93667 
27.71284 
27.48847 
27.26368 
27.03853 
26.81310 
26.58748 

26.36171 
26.13588 
25.91005 
25.68427 
25.45862 
25.23316 
25.00795 
24.78306 
24.55857 
:l4.iSlS45lS 

24.11 101 
23.88809 
23.66584 
23.44432 
23.22361 
23.00377 
22.45847 
21.92014 
21.38983 
20.86855 

20.35726 
19.85687 
19.36822. 
lIUlQ20tl 
18.42899 
17.97958 
17.12318 
16.32446 
15.58314 
14.89735 

14.26415 
13.67993 
13.14084 
12:64296 
12.18254 
11.75605 

lsothenn 
derivative 
]·bar/mol 

229.78 
217;71 

206.95 
197.29 
139.69 

180.68 
173.46 
166.82 
160.69 

154.99 
149.66 
144.65 

.139.92 
135.44 
131.18 
12712 
123.24 
119.52 
115.96 
112.54 
109.26 
106.11 

103.08 
100.16 
97.36 
94.67 
92.08 
89.59 
87.21 
84.91 
82.71 
80.60 

78.58 
76.63 
14.77 
72.98 
71.27 

. 69.63 
65.83 
62.43 
59.39 
56.69 

54.28 
52.17 
50.31 
48.68 

47.28 
46.07 
44.18 
42.11R 
42.04 
41.58 

41.41 
41.48 
41. 73 
42.12 
42.63 
43.22 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

21.25 
20.72 

20.20 
19.69 
19.20 

18.70 
18.22 
17.74 
17.27 

16.80 
16.35 
15.90 

15.46 
15.03 
14.62 
14.21 

13.81 
13.42 
13.04 
12.68 
12.32 
11.97 

11.64 
11.31 
10.99 
10.68 
10.39 

.10.09 
9.81 
9.54 
9.28 
9.02 

8.77 
8.53 
8.30 
8.07 
7.85 
7.64 
7.14 
6.67 
6.25 
5.85 

5.49 
5.16 
4.85 
4.57 

4.31 
4.08 
3.66 
.'\:\0 

3.00 
2.74 

2.52 
2.33 
2.16 
2.02 
1.89 
1.77 

Internal 
energy 
J/mol 

-3803.6 
-3709.8 

-3616.4 
-3523.4 
-:3430.8 

-3338.5 
-3246.4 
-3]54.7 
-.306:>.2 

-2971.9 
-2880.9 
-2790.0 

-2699.4 
-2608.9 
-2518.7 
-2429.6 

-2338.7 
-2249.0 
-2159.5 
-2070.2 
-1981.1 
-1892.1 

-1803.4 
-1714.9 
-1626.6 
-1538.5 
-1450.6 
-1363.0' 
-1275.7 
-1188.6 
-1101.8 
-1015.3 

-929.1 
-843.2 
-757.6 

-672.4 
-587.5 
-502.9 
-293.2 
-85.8 
]]8.9 
321.0 

520.3 
716.7 
910.2 

1100.7 
1288.2 
1472.6 
1832.3 
?180;! 

2516.9 
2843.0 

3159.4 
3466.8 
3766.3 
4058.4 
4344.1 
4623.9 

Enthalpy 
J/mol 

-2678.1 
-2577.4 

-2476.9 
-2376.5 
-2276.3 

-2176.1 
-2076.0 
-1975.9 
-187::;.8 

-1775.8 
-1675.8 
-1575.8 

-1475.8 
-1375.8 
-1275.8 
-1115.S 
-1075.8 

-975.8 
-875.8 
-775.7 
-675.7 
-575.7 

-475.7 
-375.7 
-275.7 
-175.8 
-75.9 

24.0 
123.9 
223.6 
323.3 
423.0 

522.5 
622.0 
I:lLI) 

820.5 
919.6 

1018.6 
1265.3 
1510.9 
1755.2 
1998.2 

2239.6 
2479.4 
2717.3 
2953.3 

3187.4 
3419.2 
3876.4 
4;!24.g 

4762.9 
5192.4 

5613.1 
6025.3 
6429.7 
6826.8 
7217.1 
7601.1 

Entropy 
Jlmo]-K 

73.84 
75.15 

76.42 
77.66 
78.87 

80.05 
81.20 
82.32 
83.42 
84.50 
85.55 
86.58 

87.59 
88.58 
89.55 
00.51 

91.44 
92.36 
93.26 
94.14 
95.01 
95.87 

96.71 
97.54 
98.35 
99.15 
99.93 

100.71 
101.47 
102.22 
102.96 
103.69 

104.40 
105.11 
lU5.!lU 

106.49 
107.16 
107.83 
109.44 
111.00 
112.51 
113.96 

115.36 
116.71 
118.01 
119.27 

120.49 
121.66 
123.89 
125.08 

127.93 
129.75 

131.47 
133.09 
134.61 
136.06 
137.43 
138.73 

Cv 

J/mol·K 

34.92 
34.19 

33.50 
32.85 
32.26 

31.71 
31.22 
30.78 
30.37 
30.01 
29.68 
29.38 

29.11 
28.87 
28.64 
29.42 

28.24 
28.06 
27.89 
27.74 
27.59 
27.45 

27.31 
27.18 
27.06 
26.94 
26.82 
26.71 
26.60 
26.49 
26.38 
26.28 

26.18 
26.07 
25.98 
25.88 
25.78 
25.69 
25.46 
25.24 
25.04 
24.84 

24.65 
24.47 
24.30 
24.14 

23.98 
23.84 
23.58 
23.35 

23.15 
22.98 

22.82 
22.69 
22.57 
22.46 
22.37 
22.29 

Cp 

J/mol·K 

50.37 
50.29 

50.21 
50.16 
50.11 

50.08 
50.05 
50.04 
50.02 

50.01 
50.00 
50.00 

50.00 
50.00 
50.00 
60.00 

50.00 
50.00 
50.01 
50.01 

50.01 
50.01 

50.00 
49.99 
49.98 
49.97 
49.95 
49.93 
49.90 
49.87 
49.84 
49.80 

49.75 
49.70 
49.64 
49.58 
49.51 
49.44 
49.24-
49.00 
48.74 
48.44 

48.12 
47.77 
47.40 
47.01 

46.59 
46.16 
45.26 
1,1.<13 

43.40 
42.50 

41.64 
40.82 
40.06 
39.36 
38.71 
38.11 

Velocity 
of sound 

mls _ 

1088. 
1069. 

1052. 
1037. 
1023. 

1009. 
996. 
984. 
972. 

960. 
949. 
937. 

926. 
915. 
904. 
893. 

883. 
872. 
861. 
85L 

84l. 
831. 

821. 
811. 
801. 
792. 
782. 
773. 
764. 
755. 
747. 
738. 

730. 
722. 
714. 
706. 
699. 
692. 
674. 
658. 
642. 
628. 

615. 
603. 
592. 
582. 

573. 
564. 
550. 
539. 

530. 
524. 

519. 
516. 

,514. 
513. 
513. 
5]4. 
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Temper· 
ature 
kelvin 

310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 

560 
580 
600 
620 

640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
1100 
!lSO 
1200 

Density 
mol/l 

11.36023 
10.99213 
10.64908 
10.32871 

10.02887 
9.74768 
9.48345 
9.23467 
9.00000 
8.77824 
8.36931 
8.00061 
7.66626 
7.36147 

7.08231 
6.82552 
0.58839 

6.36863 
6.16431 
5.97376 
5.79!'JG7 

5.62851 
5.47152 
5.32367 

5.18414 
5.05222 
4.92727 
4.80872 
4.69607 
4.58888 
4.34219 
4.12185 
3.92369 
3.74442 

3.58136 
3.43236 
3.29561 
3.16962 

• 71.508 31.68151 
72 31.64192 
74 31.47732 
76 31.30678 
78 .31.13uo1 

80 30.94919 
82 30.76297 
84 30.57.244 

86 30.37808 
88 30.18037 
90 29.97976 
92 29.77666 
94 29.57147 
96 29.36452 
98 29.15610 

R. T. JACOBSEN AND R. B. STEWART 

Thermodynamic properties of nitrogen-Continued 

""'''_1 !",hore derivative derivative 
I· bar/mol bar·K 

43.89 
44.62 
45.39 
46.21 

47.04 
47.91 
48.79 
49.68 
50.59 
51.51 
53.36 
55.22 
57.09 
58.97 

60.84 
62.70 
04.5() 

66.41 
68.26 
70.09 
71.92 

73.74 
75.55 
77.35 

79.15 
80.94 
82.72 
84.49 
86.26 
88.03 
92.41 
96.76 

101.08 
105.38 

109.66 
113.92 
118.17 
122.40 

278.36 
274.16 
258.34 
244.35 
:l~1.!Jj 

220.80 
210.84 
201.8ti 

,193.71 
186.28 
179.47 
173.19 
167.37 
161.93 
156.84 

1.67 
1.58 
1.50 
1.43 

1.37 
1.31 
1.25 
1.20 
1.15 
1.11 
1.03 

0.9682 
0.9102 
0.8591 

0.8136 
0.7729 
U"/~()~ 

0.7031 
0.6729 
0.6454 
0.!'i201 

0.5968 
0.5752 
0.5552 

. 0.5367 
0.5194 
0.5032 
0.4880 
0.4738 
0.4604 
0.4301 
nAn~R 

0.3805 
0.3599 

0.3415 
0.3249 
0.3099 
0.2963 

22.28 
22.15 
21.65 
21.19 
20.74 

20.30 
19.87 
1!J.4~ 

18.99 
J8.56 
18.12 
17.68 
17.25 
16.82 
16.39 

Internal 
energy 
Jlmol 

4898.5 
5168.4 
5434.2 
5696.2 

5954.8 
6210.3 
6463.2 
6713.6 
6961.9 
7208.1 
7695.5 
8177.2 
8654.3 
9127.9 

9598.7 
10067.5 
10534.8 

11001.3 
11467.3 
11933.2 
12399.4 

12866.1 
13333.7 
13802.3 

14272.1 
14743.2 
15215.8 
15690.0 
16165.9 
16643.5 
17845.4 
10050.1 

20284.5 
21521. 7 

22770.3 
24029.9 
25300.0 
26580.1 

I 

i 

I 

Enthalpy 
J/mol 

7979.4 
8352.5 
8720.8 
9084.8 

9444.7 
9800.9 

10153.8 
10503.7 
10850.7 
11195.2 
11877.4 
12551.8 
13219.8 
13882.4 

14540.6 
15195.3 
15847.2 
16497.0 
17145.1 
17792.2 
184.38.5 

19084.5 
19730.5 
20376.7 

21023.4-
21670.8 
22319.1 
22968.5 
23618.9 
24270.6 
25905.9 
27550.1 

29204.7 
30868.9 

3254.Q.1 
34226.9 
35920.2 
37622.5 

400 bar Isobar 

-4038.8 -2776.3 
-4015.9 -2751. 7 
-B922.9 -2652.1 
-3830.5 -2552.8 
-3738.5 -2453.6 

-3647.1 -2354.6 
-3556.0 -2255.7 
-~4t1b.~ -2156.9 
-3374.9 -2058.1 
-3284.8 -1959.4 
-3194.9 -1860.7 
-3105.3 -1761.9 
-3015.9 -1663.2 
-2926.7 -1564.5 
-2837.7 -1465.8 

Entropy 
J/rnol·K 

139.97 
141.16 
142.29 
143.38 

144.42 
145.42 
146.39 
147.32 
148.22 
149.10 
150.76 
152.33 
153.81 
155.22 

156.57 
157.85 
159.08 
160.26 
161.40 
162.50 
1M.btl 

164.58 
165.58 
166.54 

167.48 
168.39 
169.28 
170.14 
170.99 
171.81 
Ji3.80 
175.68 

177.46 
179.17 

JRO RI 

182.37 
183.88 
185.33 

70.35 
70.69 
72.06 
73.38 
74.67 

75.92 
77.14 
78.34 
79.50 
80.63 
81.74 
82.83 
83.89 
84.93 
85.95 
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C, 
J!rnol·K 

22.22 
22.16 
22.10 
22.06 

22.01 
21.98 
21.95 
21.93 
21.91 
21.89 
21.88 
21.88 
21.90 
21.93 

21.97 
22.02 
22.09 
22.17 
22.25 
22.34 
:l:l.44 
22.54 
22.65 
22.76 

22.87 
22.9~ 

23.11 
23.23 
23.35 
23.47 
23.77 
24.06 

24.35 
24.62 

24.27 

25.12 
25.35 
25.56 

36.98 
36.18 
35.38 
34.61 

33.88 
33.20 
32.58 
32.02 
31.51 
31.04 
30.63 
30.25 
29.91 
29.60 

Cv 
J/mo]·K 

37.56 
37.06 
36.60 
36.19 

35.80 
35.45 
35.13 
34.84 
34.57 
34.33 
33.90 
33.55 
33.25 
33.01 

32.82 
32.66 
32.54 
32.44 
32.38 
32.33 
32.31 
32.30 
32.30 
32.32 

32.35 
32.39 
32.44 
32.49 
32.55 
32.62 
32.80 
32.99 

33.19 
33.38 

33.52 

33.77 
33.96 
34.13 

49.85 
49.73 
49.63 
49.54 

49.47 
49.43 
49.39 
49.38 
49.37 
49.36 
49.36 
49.36 
49.36 
49.36 

Velocity 
of sound 

mls 

SIS. 
516. 
518. 
520. 

523. 
525. 
528. 
531. 
534. 
537. 
543. 
550. 
556. 
563. 

570. 
576. 
583. 
589. 
595. 
602. 
608. 
614. 
620. 
626. 

632. 
638. 
644. 
650. 
655. 
661-
675. 
Goa. 
70L 
714. 

727. 

739. 
752. 
764. 

1149. 
1126. 
1106. 
1089. 

1073. 
1058. 
1045. 
1033. 
1021. 
1009. 
998. 
987. 
977. 
966. 



Temper· 
ature 
kelvin 

100 
102 
104 
106 
108 
110 
112 
114 
116 
118 

120 
122 
124 
126 
128 
130 
132 
134 

136 
138 

140 

H2 
J44 
146 
14B 

J50 
155 
160 
J65 
170 

175 
180 
185 
J90 
195 
200 
210 

220 
230 
240 

250 
260 
270 
280 
290 
300 
310 
520 

330 
340 

350 

360 
370 
380 
390 
400 
420 
440 
460 

Density 
molll 

28.94648 
28.73588 
28.52449 
28.31249 
28.10001 
27.88717 
27.67408 
27.46084 
27.24753 
27.03422 

26.82099 
26.60789 
26.39499 
26.18234 
25.9700] 
25.75805 
25.54651 
2:>.33:>'JO 

25.12494 
24.91501 

24.7057S 

24.49715 
24.28933 
24.0823J 
2'1.87616 

23.67094 
23.16223 
22.66040 
22.16620 
21.68036 

21.20353 
20.73633 
20.27929 
J9.83290 
19.39757 
18.97366 
18.16107 
J 7.39635 
16.67956 
J6.00970 

15.38500 
14.80308 
14.26126 
13.75670 
13.28653 
12.84799 
12.43844 
12.05542 

11.69667 
11.36010 

11.04302 

JO.71613 
10.46546 
10.20042 
9.94975 
9.71229 
9.27303 
8.87551 
8.51391 

Isotherm 
derivative 
l·bar/mol 

152.04 
147.51 
143.20 
139.10 
135.18 
131.43 
127.84 

124.39 
121.07 
117.89 

114.82 
111.86 
109.02 
106.28 
103.64 
101.10 
98.66 
90.31 

94.04 
91.87 

09.77 

87.76 
85.83 
83.97 
22.19 

80.48 
76.49 
72.89 
69.65 
66.74 

64.13 
61.80 
59.71 
57.86 
56.23 
54.79 
52.43 
50.67 
49.41 
48.55 

48.03 
47.77 
47.72 
47.86 
48.13 
48.52 
49.01 
49.58 

50.20 
50.88 

51.61 

52.37 
53.16 
53.97 
54.80 
55.65 
57.39 
59.16 
60.96 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

barK 

15.98 
15.56 
15.16 
14.76 
14.37 
14.00 
13.63 
13.27 
12.91 
12.57 

12.24 
11.91 
11.60 
11.29 
10.99 
10.70 
10.42 
10.15 

9.89 
9.63 

9.30 

9.14 
8.90 
8.67 
2,45 

8.24 
7.73 
7.26 
6.83 
6.43 

6.06 
5.71 
5.40 
5.10 
4.83 
4.58 
4.14 
3.75 
3.42 
3.14 

2.90 
2.68 
2.49 
2.33 
2.18 
2.06 
1.94 
l.M 

1.74 
1.66 

1.50 

1.51 
1.45 
1.39 
1.34-
1.29 
1.20 
1.12 
l.05 

Internal 
energy 
J/mol 

-2748.9 
-2660.3 
-2571.9 
-2483.8 
-2395.8 
-2308.0 
-2220.4 
-2133.0 
-2045.8 
-1958.8 

-'1872.1 

-1785.6 
-1699.3 
-1613.3 
-1527.5 
-J441.9 
-1356.7 
-1211. 7 

-1l87.0 
-1102.6 

1010.5 

-934.7 
-851.2 
-768.1 
-6B5.3 

-602.9 
-398.3 
-196.1 

3.7 
201.0 

395.8 
587.9 
777.4 
964.2 

1148.3 
1329.7 
1684.6 
2029.2 
2363.8 
2689.1 

3005.7 
3314.1 
3615.2 
3909.5 
4197.6 
4480.2 
4757.7 
5030.0 

5299.4-
5564.5 

~0.26.2 

6084.8 
6340.6 
6594.0 
6845.1 
7094.2 
7586.9 
8073.7 
8555.6 

Enthalpy 

l/mol 

-1367.1 
-1268.3 
-1169.6 
-1071.0 

-972.3 
-873.6 
-775.0 
-676.4 

-577.8 
-479.2 

-380.7 

-282.3 
-183.9 
-85.5 

12.8 
111.0 
209.1 
307.1 

405.0 
502.9 

600.6 

698.1 
795.6 
892.9 
900.0 

1087.0 
1328.6 
1569.1 
1808.3 
2046.0 

2282.3 
2516.9 
2749.8 
2981.0 
3210.4 
3437.9 
3887.1 
4328.5 
4762.0 
5187.6 

5605.6 
6016.3 
6420.0 
6817.1 
7208.2 
7593.5 
7973.5 
6348.6 

8719.2 
9085.6 

9440.1 

9807.1 
10162.7 
10515.4 
]0865.3 . 
11212.7 
1I900.5 
12580.4 
13253.8 

Entropy 
J/mol·K 

86.94 
87.92 
88.88 
89.82 
90.74 
91.65 
92.53 

93.41 
94.26 
95.11 

95.93 
96.75 
97.55 
98.33 
99.11 
99.87 

100.62 
101..36 

102.08 
102.80 

103.50 

104.19 
104.87 
105.54 
106.20 

106.85 
108.44 
109.97 
111.44 
112.86 

114.23 
115.55 
116.83 
118.06 
119.25 
120.40 
122.59 
124.65 
126.57 
128.39 

130.09 
131. 70 
133.23 
134.67 
136.0'~ 

137.35 
138.60 
139.79 

140.93 
142.02 

143.07 

144.08 
145.06 
146.00 
146.91 
147.79 
149.46 
151.05 
152.54 

Cu 

J/mol·K 

29.32 
29.07 
28.84 
28.62 
28.43 
28.24 
28.07 
27.91 
27.76 
27.62 

27.48 

27.35 
27.23 
27.11 
26.99 
26.87 
26.76 
26.ti6 

26.55 
26.45 

26.35 

26.25 
26.15 
26.05 
25.96 

25.87 
25.64 
25.42 
25.22 
25.02 

24.83 
24.65 
24.48 
24.32 
24.17 
24.0.> 
23.77 
23.53 
23.33 
23.15 

22.99 
22.85 
22.73 
22.62 
22.52 
22.43 
22.36 
22.29 

22.23 
22.18 

22.14 

22.10 
22.07 
22.04 
22.02 
22.00 
21.98 
21.97 
21.99 

Cp 

J/mol·K 

49.36 
49.35 
49.35 
49.34 
49.33 
49.32 
49.31 
49.30 
49.28 
49.26 

49.24 

49.22 
49.19 
49.16 
49.12 
49.08 
49.04 
48.99 

48.94 
48.88 

40.m: 
48.75 
48.68 
48.61 
<l1l.sa 
48.45 
48.22 
47.97 
47.69 
47.40 

47.09 
46.76 
46.42 
46.06 
45.69 
45.31 
44.53 
43.74 
42.95 
42.18 

41.43 
40.71 
40.04 
39.40 
38.81 
38.26 
37.75 
37.28 

36.84-
36.44 

36.07 

35.73 
35.41 
.35.12 
34.86 
34.61 
34.18 
33.82 
33.52 

Velocity 
of sound 

mls 

956. 
945. 
935. 
925. 
915. 
905. 
895. 
886. 
876. 
866. 

857. 

848. 
839. 
829. 
821. 
812. 
803. 
795. 

787. 
779. 

771. 

763. 
755. 
748. 
741. 

734. 
717. 
701. 
686. 
672. 

659. 
647. 
636. 
625. 
616. 
607. 
592. 
580. 
570. 
562. 

55.6. 
55!. 
548. 
546. 
544. 
544. 
543. 
544. 

545. 
546. 

546. 

550. 
552. 
554. 
557. 
559. 
564. 
570. 
576. 
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Temper-
ature 
kelvin 

480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
800 

850 
900 
950 

1000 

1050 
1100 
1150 

1200 

Density 
mo!/! 

8.18342 

7.88004 
7.60043 
7.34178 
7.10172 
6.87821 
6.66952 
6.47415 
6.29080 
6.11834 
5.95578 

5.80225 
5.65697 
5.51928 
5.38856 
5.26427 
5.14593 

4.87332 
4.62952 
4.41002 
4.21123 

4.03024 
3.86470 
3.71264 

3.57244 

* 72.498 31.78159 
74 31.66544 
76 31.50552 
78 31.33986 

80 31.16881 
82 30.99282 
84 30.81236 
86 30.62792 
88 30.43999 
90 30.24905 
92 30.05552 
94 29.85981 
96 29.66229 
98 29.46329 

100 29.26308 
102 29.06192 
104 26.6()003 

106 28.65758 
108 28.45474 
110 28.25165 
112 2!l.04843 

114 27.84517 
116 27.64196 
118 27.43889 

120 27.23603 
122 27.03344 
124 26.83118 
126 26.62931 

Isotherm 
derivative 
l·bar/mol 

62.77 

64.59 
66.41 
68.23 
70.06 
71.87 
73.69 
75.50 
77.30 
79.10 
80.89 

82.68 
84.46 
86.24 
88.01 
89.77 
9],53 

95.90 
100.25 
104,57 
100.07 

113.14 
117.40 
121.64 

125.87 

285.39 
273.38 
258.97 
246.14 

234.67 
224.37 
215.09 
'206.67 
199,01 
192.00 
185.54 
179.56 
174.01 
168.81 

163.92 
159.31 
1::;4.93 

150.79 
146.83 
143.05 
13!),42 

135.93 
132.58 
129.36 

126.26 
123.26 
120.38 
117.60 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.9928 

0.9397 
0.8922 
0.8495 
0.8108 
0.7756 
0.7435 
0.7141 
0.6870 
0.6619 
0.6387 

0.6171 
0.5970 
0.5783 
0.5607 
0.5442 
0.5267 

0.4936 
0.4631 
0.4363 
0.4125 

0.3913 
0.3722 
0.3519 
0.3392 

21. 74 
21.45 
21.09 
20.73 

20.37 
20.00 
19.63 
19.25 
18.86 
18.46 
18.06 
17.66 
17.25 
16.85 

16.45 
16.06 
1::;.()7 

15.28 
14.90 
14.53 
14.17 

13.81 
13.47 
13.13 

12.80 
12.48 
12.16 
11.86 

Internal 
energy 
J/mo1 

9033.6 

9508.6 
9981.4 

10452.5 
10922.5 
11391.8 
11860.8 
12330.0 
12799.6 
13269.8 
13741.0 

14213.2 
14686.6 
15161.4 
15637.7 
16115.6 
10595.1 

17801.5 
19019.2 
20248.3 
21400.7 

22740.3 
24002.7 
25275.3 

26557.8 

Enthalpy 
J/mol 

13921.5 

14584.8 
15244.3 
15900.8 
16554.9 
17207.2 
17858.3 
18508.4 
19158.1 
19807.6 
20457.1 

21107.0 
21757.5 
22408.7 
23060.9 
23714,0 
24308.5 

26009.5 
27659.4 
29318.5 
30907.1 

32665.3 
34352.7 
36049.3 
37754.6 

450 bar Isobar 

-4013.5 
-3945.0 
-3854.3 
-3764,1 

-3674.4 
-3585.2 
-3496.2 
-3407.6 
-3319.3 
-3231.2 
-3143.3 
-3055.6 
-2968.1 
-2880.8 

-2793.6 
-2706.7 
-2()20.0 

-2533.4 
-2447.1 
-2360.9 

2275.0 

-2189.2 
-2103.7 
-2018.4 

-1933.3 
-1848.5 
-1763.9 
-1679.5 

-2597.6 
-2523.9 
-2425.9 
-2328.2 

-2230.7 
-2133.2 
-2035.8 
-1938.4 
-1841.0 
-1743.5 
-1646.0 
-1548.5 
-1451.0 
-1353.4 

-1255.9 
-1158.3 
-IO()O.7 

-963.1 
-865.6 
-768.1 
"670.6 

-573.1 
-475.7 
-378.4 

-281.1 
-183.9 
-86.7 

10.3 

'Entropy 
J/mo!·K 

153.96 

155.32 
156.61 
157.85 
159.04 
160.18 
161.29 
162.35 
163.38 
164.38 
165.35 

166.30 
167.21 
168.10 
168.97 
169.82 
170.65 

172.64 
174.53 
176.32 
170.03 

179.67 
181.24 
1!l2.75 

184.20 

70.64 
71.65 
72.96 
74.23 

75.46 
76.66 
77.84 
78.98 
80.10 
81.20 
82.27 
83.32 
84.34 
85.35 

86.34 
87.30 
68.23 

89.18 
90.09 
90.99 
91.86 

92.73 
93.57 
94.41 

95.22 
96.03 
96.82 
97.59 

C. 
J/mol·K 

22.01 

22.05 
22.10 
22.17 
22.24 
22.32 
22.41 
22.50 
22.60 
22.71 
22.82 

22.93 
23.05 
23.16 
23.28 
23.40 
25.52 

23.81 
24.10 
24.39 
24.65 

24.91 
25.15 
25.38 

25.59 

37.24 
36.60 
35.76 
34.95 

34.19 
33.49 
32.85 
32,27 
31.74 
31.27 
30.84 
30,45 
30.11 
29,79 

29.51 
29.25 
29.01 

28.79 
28.59 
28.41 
2B.24 

28.07 
27.92 
27.78 

27.64 
27.51 
27.39 
27.27 

Cp 

J/mo!·K 

33.27 

33.06 
32.89 
32.76 
32.66 
32.58 
32.53 
32.49 
32.48 
32.47 
32.49 

32.51 
32.54 
32.58 
32.63 
32.68 
52.74 

32.91 
33.09 
33.28 
33.47 

33.66 
33.84 
34.02 

34.19 

49.13 
49.02 
48,90 
48.81 

48,75 
48.72 
48,70 
48.71 
48.72 
48.73 
48.75 
48.76 
48.77 
48.78 

48.79 
48.79 
48.79 

48.78 
48.77 
48.75 
48.74 

48.71 
48.69 
48.66 

48.63 
48.59 
48.55 
48.51 

Velocity 
of sound 

m/s 

582. 

588. 
594. 
600. 
606. 
612. 
618. 
624. 
630. 
635. 
641. 

647. 
652. 
658. 
664. 
669. 
674. 

688. 
701. 
714. 
726. 

739, 
751. 
763. 
775. 

1159. 
1143. 
1124. 
1108. 

1093. 
1079. 
1067. 
1055. 
1044. 
1033. 
1023. 
1013. 
1003. 
993. 

984. 
974. 
9M. 

955. 
946. 
936. 
927. 

918. 
908. 
899. 

890. 
882. 
873. 
864. 



Temper. 
ature 
kelvin 

128 
130 
132 
134 
136 
138 

140 
142 
144 
146 
148 
150 
155 
160 
165 
170 

175 
180 
185 
190 

195 
200 
210 
220 

230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 

Density 
molll 

26.42787 
26.22692 
26.02651 
25.82668 
25.62747 
25.42895 

25.23114 
25.03409 
24.83785 
24.64247 
24.44797 
24.25441 
23.77487 
23.30204 
22.83650 

. 22.37879 

21.92939 
21.48873 
21.05719 
20.63510 

20.22274 
19.82032 
19.04600 
18.31291 

17.62109 
16.96987 

16.35803 
15.78389 
15.24551 
14.74074 
14.26732 

13.82325 
13.40620 
13.01420 
12.64534 
12.29783 

11.97000 
11.66035 
11.36747 
11.09008 
10.82702 
10.57722 
IO.1l361 
9.69245 
9.30810 
8.95583 

8.63168 
8.33229 
8.05484 
7.79689 
7.55638 
7.33152 
7.12075 
6.92274 
6.73630 
6.56039 

6.39412 
6.23667 

Isotherm 
derivative 
I·bar/mol 

114.92 
112.33 
109.84 
107.43 
105.11 
102.88 

100.72 
98.65 
96.65 
94.73 
92.88 
91.10 
86.93 
83.16 
79.74 
76.64 

73.84 
71.32 
69.05 
07.01 

65.18 
63.54 
60.79 
56.64 

57.01 
55.80 

54.94 
54.38 
54.05 
53.93 
53.98 

54.17 
54.47 
54.86 
55.34 
55.88 

56.48 
57.13 
57.82 
58.54 
59.29 
60.06 
61.66 
63.33 
65.03 
66.77 

68.52 
70.29 
72.07 
73.85 
75.64 
77.42 
79.21 
80.99 
82.77 
84.54 

86.32 
88.08 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

11.56 
11.27 
)0.99 
10.72 
10.45 
10.19 

9.94 
9.70 
9.46 
9.23 
9.01 
8.79 
8.28 
7.80 
7.36 
6.95 

6.57 
6.22 
5.89 
5.59 

5.31 
5.05 
4.58 
4.16 

3.83 
3.52 

3.26 
3.02 
2.82 
2.64 
2.47 

2.33 
2.20 
2.09 
1.98 
1.89 

1.80 
1.72 
1.65 
1.58 
1.52 
1.46 
1.36 
1.27 
1.20 
1.13 

1.07 
1.01 

0.9633 
0.9191 
0.8789 
0.8422 
0.8086 
0.7777 
0.7491 
0.7226 

0.6980 
0.6751 

Internal 
energy 
J/mol 

-1595.4 
-1511.6 
-1428.0 
-1344.8 
-1261.8 
-1179.1 

-1096.7 
-1014.6 
-932.8 
-851.4 
-770.3 
-689.5 
-489.1 
-290.9 
-95.0 
98.5 

289.6 
478.3 
664.6 
848.4 

1029.7 
1208.6 
1559.3 
1900.() 

2233.0 
2556.9 

2872.9 
3181.5 
3483.2 
3778.6 
4068.2 

4352.6 
4632.0 
4907.1 
5178.2 
5445.6 

5709.6 
5970.6 
6228.9 
6484.6 
6738.0 
6989.4 
7486.6 
7977.7 
8463.7 
8945.7 

9424.4 
9900.7 

10375.1 
10343.2 
11320.5 
11792.4 
12264.3 
12736.5 
13209.2 
13682.6 

14157.1 
14632.7 

Enthalpy ! 
J/mo) j 

107.3 
204.2 
301.0 
397.6 
494.2 
590.6 

686.8 
782.9 
878.9 
974.7 

1070.4 
1165.8 
1403.7 
1640.3 
1875.5 
2109.3 

2341.7 
2572.5 
2801.6 
3029.1 

3254.9 
3479.0 
3922.0 
4357.9 

4786.7 
5208.7 

5623.8 
6032.5 
6434.9 
6831.4 
722'2.3 

7607.9 
7988.7 
8364.9 
8736.8 
9104.7 

9469.0 
9829.9 

10187.5 
10542.3 
10894.3 
11243.8 
11936.1 
12620.5 
13298.2 
13970.3 

14637.7 
1530),3 
15961.8 
160 HI. 7 

17275.8 
17930.3 
18583.9 
19236.8 
19889.4 
20542.0 

21194.8 
21848.1 

Entropy 
J/mo)·K 

98.36 
99.11 
99.85 

100.57 
101.29 
101.99 

102.68 
103.37 
104.04 
104.70 
105.35 
105.99 
107.55 
109.05 
nO.50 
111.90 

113.24 
114.54 
115.80 
117.01 

118.18 
119.32 
121.48 
123.:;1 

125.42 
127.21 

128.91 
130.51 
132.03 
133.47 
13<1.84 

136.15 
137.40 
138.59 
139.74 
140.83 

141.89 
142.91 
143.89 
144.83 
145.75 
146.63 
148.32 
149.91 
151.42 
152.85 

154.21 
155.51 
156.76 
1::'I.YO 

159.11 
160.22 
161.29 
162.32 
163.33 
164.30 

165.25 
166.17 

C, 
J/mo)·K 

27.15 
27.04 
26.93 
26.82 
26.71 
26.61 

26.51 
26:41 
26.32 
26.22 
26.13 
26.04 
25.82 
25.60 
25.40 
25.20 

25.02 
24.84 
24.67 
24.51 

24.36 
24.21 
23.95 
23.71 

23.50 
23.32 

23.16 
23.01 
22.88 
22.77 
22.66 

22.57 
22.49 
22.42 
22.36 
22.30 

22.26 
22.21 
22.18 
22.15 
22.12 
22.10 
22.08 
22.07 
22.07 
22.10 

22.13 
22.18 
22.24 
22.31 

22.39 
22.47 
22.56 
22.66 
22.77 
22.87 

22.99 
23.10 

Cp 

J/mol·K 

48.46 
48.41 
48.36 
48.30 
48.24 
48.17 

48.10 
48.02 
47.94 
47.86 
47.78 
47.69 
47.45 
47.19 
46.91 
46.62 

46.31 
45.99 
45.67 
45.33 

44.99 
44.65 
43.94 
43.24 

42.54 
41.85 

41.19 
40.55 
39.94 
39.36 
38.22 

38.32 
37.84 
37.40 
36.99 
36.61 

36.25 
35.92 
35.62 
35.34 
35.07 
34.83 
34.41 
34.04 
33.74 
33.48 

33.27 
33.10 
32.96 
32.85 

32.76 
32.70 
32.66 
32.64 
32.63 
32.63 

32.65 
32.68 

Velocity 
of sound 

mls 

856. 
847. 
839. 
83l. 
823. 
815. 

808. 
800. 
793. 
786. 
779. 
772. 
755. 
740. 
725. 
711. 

699. 
687. 
675. 
065. 

656. 
647. 
631. 
610. 

607. 
598. 

591. 
585. 
580. 
577. 
575. 

573. 
572. 
572. 
572. 
572. 

573. 
574. 
576. 
577. 
579. 
581. 
586. 
591. 
596. 
601. 

606. 
612. 
617. 
023. 
629. 
634. 
640. 
645. 
651. 
656. 

662. 
667. 

J. Phys. Chem. Ref. Data, Vel. 2, No.4, 1973 



uno 

Temper. 
ature 
kelvin 

740 
760 

780 

800 

850 
YOO 

950 

1000 

1050 

1100 
1150 
1200 

Density 

mol!1 

6.08732 
5.94543 

5.81043 

5.68181 

5.38524 
5.11900 

4.88026 

4.66321 

4.40:541 

4.28433 
4.11785 
3.96423 

• 73.478 31.88166 
74 31.84346 
76 31.69332 
78 31.53732 

80 31.37581 
82 31.20920 
84 31.03796 
86 30.86259 
88 30.68356 
90 30.50138 

92 30.31648 
94 30.12929 
96 29.94021 
98 29.74957 

100 29.55769 
102 29.36484 
104 29.17125 
106 28.97713 
108 28.78265 
110 28.58796 
112 28.39320 
114 28.19848 
116 28.00389 
118 27.80952 

120 27.61544 
'122 2742172 

124 27.22842 
126 27.03559 
128 26.84328 
130 26.65154 
132 26.46040 
134 26.26992 
136 26.08013 
138 25.89106 

140 25.70276 

142 25.51526 
144 25.32860 
146 25.14281 

148 24.95792 
150 24.77397 
155 24.31842 
loU :13.80940 

Isotherm 
derivative 
l'bar/mol 

89.85 
91.61 

93.36 

95.11 

99.47 
103.81 

10B.12 

112.41 

110.08 

120.93 
125.17 
129.39 

292.67 
288.50 
273.67 
260.43 

248.57 

237.92 
228.31 
219.60 

211.67 
204.43 
197.77 
191.63 
185.92 
180.60 

175.61 
170.91 
166.47 
162.25 
158.24 
154.40 
150.73 
147.21 
143.83 
140.57 

137.43 
11440 

131.48 
128.66 
125.94 
123 .. 31 
120.77 
118.32 
115.95 
113.66 

111.46 

109.33 
107.27 
105.29 

103.38 
101.53 

97.21 
93.26 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

0.6537 

0.6337 
0.6149 

0.5973 

0.5574 
0.5227 

0.4923 

0.4653 

0.4412 

0.4195 
0.4000 
0.3822 

21.30 
21.22 
20.95 
20.68 

20.40 
20.10 
19.79 
19.47 
19.12 
18.77 
18.40 
18.03 
17.65 
17.27 

16.89 
16.51 
16.14 
15.77 
15.40 
15.03 
14.68 
14.33 
13.99 
13.65 

13.32 
1300 

12.69 
12.39 
12.09 
11.80 
11.52 

11.25 
10.98 

10.72 

10.47 
10.23 
9.99 
9.76 

9.53 
9.31 

8.79 
8.31 

Internal 
energy 
j/mol 

15109.5 

15587.8 
16067.5 

16548.8 

17759.4 
16960.8 

20213.3 

21456.9 

22711.4 

23976.3 
25251.4 
26536.1 

Enthalpy 

J/mol 

22501.9 
23156.6 

23812.2 

24468.8 
26115.6 
27770.5 

29434.2 

31106.9 

32788.8 

34479.7 
36179.4 

37887.6 

500 bar Isobar 

-3987.8 
-3964.5 
-3875.4 
-3786.9 

-3698.9 
-3611.3 
-3524.1 
-3437.2 
-3350.5 
-3264.0 

-3177.7 
-3091.6 
-3005.7 
-2919.9 

-2834.3 
-2748.8 
-2663.6 
-2578.5 
-2493.6 
-2408.8 
-2324.3 
-2240.0 
-2155.9 
-2072.1 

-1988.4 
-1905.0 

-1821.8 
-1738.9 

-1656.3 
-1573.9 
-1491.7 

-1409.9 
-1328.3 
-1247.0 

-1166.1 

-1085.4 
-1005.0 
-925.0 

-845.3 
-765.9 
-568.8 
-374.0 

-2419.S 
-2394.3 
-2297.8 

-2201.5 

-2105.3 
-2009.2 
-J913.2 
-1817.1 
-1720.9 
-1624.7 

- 1528.4 
-J432.1 
-1335.7 
-1239.2 

-1142.7 
-1046.1 

-949.5 
-853.0 
-756.4 
-659.9 
-56.3.4 
-466.9 
-370.5 
-274.1 

-177.8 
-S1.6 

14.5 
llO.5 
206.4 
302.2 
397.9 
493.4 
588.8 
684.1 

. 779.2 

874.2 
969.0 

1063.6 
1158.1 
1252.4 
1487.2 
1720.8 

Entropy 
J/mol·K 

167.07 
167.94 

168.79 
169.62 
171.62 
173.51 

175.31 

177.02 

J78.67 

180.24 
181. 75 

183.20 

70.93 

71.27 
72.56 
73.81 

75.03 
76.22 
77.37 
78.50 
79.61 
80.69 

81.75 
82.78 
83.80 
84.79 

85.77 
86.72 
87.66 
88.58 
89.48 
90.37 
91.24 
92.09 
92.93 
93.76 

94.56 
95.36 
96.14 
96.91 

97.66 
98.41 
99.14 

99.86 
100.56 
101.26 

101.94 
102.62 
103.28 
103.93 
104.57 
105.21 
106.75 
108.23 

C. 
J!mol·K 

23.21 
23.33 

23.45 

23.57 
23.86 
24.1:5 

24.42 

24.69 

24.94 

25.18 
25.41 

25.62 

37.17 
36.94 
36.06 
35.23 

34.45 
33.73 
33.07 
32.48 

31.94 
31.46 

31.02 
30,63 
30.27 
29.96 

29.67 
29.40 
29.11 
28.95 
28.75 
28.56 
28.39 
28.22 
28.07 
27.93 

27.79 
27.66 

27.54 
27.42 

27.30 
27.19 
27.08 
26.98 
26.87 
26.77 

26.67 

26.58 
26.48 
26.39 

26.30 
26.21 

25.99 
25.78 

Cp 

J!mol·K 

32.71 

32.76 
32.80 

32.86 

33.01 
33.18 

33.36 

33.55 

33.73 

33.91 
34.08 
34.25 

48.37 
48.33 
48.20 
48.11 

48.05 
48.03 
48.03 
48.06 
48.09 
48.12 

48.16 
48.20 
48.23 
48.25 

48.27 
48.28 
413.29 
48.28 
48.28 
48.26 
48.24 
48.22 
48.19 
48.16 

48.12 
19.09 

48.03 
47.98 
47.93 
47.R7 

47.81 
47.74 

. 47.67 

47.60 

47.52 

47.44 
47.36 
47.27 
47.18 
47.09 

46.84 
46 .. 58 

Velocity 
of sound 

mls 

672. 
678. 

683. 

688. 
701. 
714. 

726. 

73B. 

7::;0. 

762. 

774. 
786. 

1166. 
Il61. 
1143. 
1127. 

1113. 
1100. 
1088. 
1077. 
1067. 
1057. 

1047. 
1038. 
1028. 
1019. 

1010. 
1001. 
992. 
983. 
974. 
965. 

956. 
948. 
939. 
930. 

922. 
9l3. 

905. 
897. 

888. 
RRO 

872. 
865. 
857. 
849 . 

842. 

835. 
828. 
821. 

814. 
807. 

791. 
776. 



Temper-
ature 
kelvin 

165 
170 

175 
180 
185 

190 
195 
200 
210 
220 

230 
240 

250 
260 
270 
280 
290 
300 
310 
32Q 

330 
340 

350 
360 
370 
380 
390 
400 
420 
4-<1.0 
460 

480 

500 
520 
540 
560 
580 
600 
620 
64·0 
660 
680 

700 
720 

740 
760 
780 
gOO 

850 

900 

950 
1000 

1050 
lIOO 
11:;0 

1200 

Density 

moll! 

23.42738 
22.99276 

22.56589 
22.14711 
21.73668 

21.33483 
20.94175 
20.55760 
19.81646 
19.11185 
18.44369 
17.81141 

17.21405 
16.65033 
16.11873 
15.61759 
15.14518 
14.69971 
14.27944 
13.88268 
13.50781 
13.15328 

12.81765 
12.49959 
12.19785 
11.91127 
11.63879 
11.37943 
10.89652 
10.45617 
10.05298 
9.68238 

9.34052 
9.02409 
8.73026 
8.45663 
8.20110 
7.96186 
7.7373.~ 

7.52615 
7.32710 
7.13912 

6.96127 
6.79271 
6.63270 
6.48058 
6.33574 
6.19766 

5.87894-
5.59313 
5.33519 
$_10107 

4.8875] 
4.69181 
d. <;1174 

4.34545 

I 
isotherm 
derivative 
i·bar/mol 

89.67 

86.41 

83.# 
80.75 
78.30 
76.09 

7'L09 
72.28 
69.19 
66.70 
64.74-

63.21 

62.05 

61.21 
60.62 
60.26 
60.09 
60.07 
60.18 
60.11 
60.73 
61. J3 

61.60 
62.13 
(.2.1i 
63.34 
64.00 
64.69 
66.15 
67.69 
69.29 
70.94 

72.62 
74.32 
76.05 

77.78 
79.52 
81.27 
83.03 
84.78 
86.54 
88.29 

90.05 
91.80 
93.55 

95.29 
97.04-
98.78 

J03.n 
107.43 
111.73 
]]6.00 

120.26 

124.51 
128.7il. 

132.95 

THERMODYNAM!C PROPERTIES Of NITROGEN 

I 

I 

Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

har·K 

7.86 

7.44 

7.06 
6.70 
6.36 

6.05 
5.76 
5,49 

5.00 
4.58 
4.21 
3.89 

3.60 

3.35 
3.13 
2.93 
2.76 
2.60 
2.46 
2.33 
2.21 
2. J] 

2.01 
I. 92 

1.8'~ 

1.77 

1.70 
1.64 
1.52 
1.42 
1.31 
1.26 

1.19 
U3 

1.08 
1.03 

0.9825 
0.9113 
0.9035 
0.8687 
0.8366 
0.8069 

0.7792 
0.7535 
0.7295 
0.7070 
0.6859 
0.6661 

0.6214 
0.5825 
0.5484 
0.5]22 

0.4912 
0,4670 
0.11.452 

0.4253 

Internal 
energy 
Jlmo] 

-181.3 

9.2 

197.3 
383.2 
566.8 
748.1 

927.1 
1103.9 
1450.9 

1789.2 
2119.4 
2441.8 

2756.8 
3065.0 
3366.9 
3662.8 
3953.3 
4238.7 
4519.5 
4796.1 
5068.8 
5337.9 

5603.8 
5866.6 
6126.8 
6384.4 
6639.7 
6893.0 
7394.0 
7888.7 
8378.2 
8863.6 

9345.5 
9824.9 

10302.3 
10778 .. 3 
1 i253.3 
11727.8 
12202.1 
12676.6 
13151.6 
13627.2 

14103.7 
1458.!.2 
15060.0 
15540.0 
16021.5 
16S01..5 

I77J9.0 
18944.0 
20179.7 
21126.2 

22683.4 
23950.9 
2522g.3 

26515. ] 

Enthalpy 
J/mo! 

1953.0 
2183.8 

2413.1 
2640.9 
2867.1 
309!. 7 

3314.7 
3536.l 
3974.0 

4405.4 
4830.3 
5249.0 

566J.4-
6068.0 
6468.8 
6864.3 
7254.6 
7640.1 
8021.1 
8397.7 
8770.4 
91-39 .. 3 

9504.6 
9866.8 

10225.9 
HJ582.1 
10935.7 
11286.9 
11982.6 
12670.6 
13351.9 
14027.6 

14698.6 
15365.6 
16029.5 
16690.8 
17350.0 
18007.7 
18664.3 
19320.1 
19975.6 
20630.9 

21286.3 
21942. ] 
22598.4 
23255.4 
23913.3 
24572.1 

26223.9 
27883.5 
29551.4 
3122B.I 

32913.6 
34607.8 
36~10. s 
38021.4 

Entropy 
J/mo!·K 

109.66 
111.04 

112.37 
113.65 
114.89 
116.09 
117 .25 
118.37 
120.50 
122.51 
124.40 
126.18 

l27.87 
129.46 
130.97 
132.41 
133.78 
135.09 
136.34 
137.53 
138.68 
139.78 

140.84 
141.86 
142.84 
143.79 
144.71 
145.60 
147.30 
148.90 
150.41 
151.85 

153.22 
154.53 
155.78 
156.98 
l58.!4 
159.26 
160.33 
16L37 
162.38 
163.36 

164.31 
165.23 

166.13 
167.01 
167.86 
J68.70 

170.70 
172.60 
174.40 
176.12 

I 77.77 
179.34 
190.B6 

182.31 

C. 
J/mo!·K 

25.58 
25.38 

25.20 
25.02 
24.85 
24.69 
24-.54 
24·.40 
24.13 

23.l:j9 
23.68 
23.49 

23.32 
23.17 
23.03 

22.91 
22.81 
22.71 
22.63 
22.55 
22.48 
22.42 

22.37 
22.32 
22.29 
22.25 
22.22 
22.20 
22.17 
22.15 
22.16 
22.18 

22.21 
22.25 
22.31 
22.38 
22.45 
22.53 
22.63 
22.72 
22.82 
22.93 

23.04 
23.15 
23.26 
23.38 
23.4-9 
23.61 

23.90 
24.19 
24.46 
2'1.73 

24.98 

25.22 
25.4<1-

25.65 

I 
I 

Cp 

J/mo!·K 

46.30 
46.01 

45.71 
45.40 
45.09 
44.77 
44.44 
44.12 
43.46 
42.81 
42.17 
41.55 

40.95 
40.37 
39.81 
39.29 
38.79 
38.32 
37.87 
37.46 
37.07 
36.71 

36.37 
36.06 
35.76 
35.49 
35.24 
35.00 
34.58 
34.22 
33.92 
33.66 

33.45 
33.27 
33.12 
33.0] 
32.92 
32.85 
32.81 
32.78 

32.77 
32.77 

32.78 
32.80 
32.83 
32.87 

32.92 
32.97 

33.11 
33.27 
33.45 
33.62 

33.80 
33.97 
3,1.11 

34.30 

I 
I 

'ieloeity 
of sound 

mls 

761. 
748. 

735. 
723. 
712. 
702. 
692. 
683. 
667. 
653. 
642. 
632. 

624. 
617. 
612. 
607. 

604. 
601. 
600. 
599. 
598. 
598. 

598. 
599. 
599. 
601. 
602. 
603. 
607. 
611. 

615. 
620. 

625. 
630. 

635. 
640. 
645. 
650. 

656. 
. 66l. 

666. 
67i. 

676. 
681. 
687. 
692. 
697. 
702. 

714. 
726. 
738. 
7S0. 

762. 
774. 
185. 

797. 

86'1 



---":'::::.- ----- .--

Temper- Density 
.ture molll 
kelvin 

• 74.4-17 31.9S132 

76 31.87127 
78 . 31.72421 

ao 31.,,71,,1 

82 31.41358 
84 31.25085 
86 31.08383 
88 30.91299 
90 30.73883 
92 30.56182 
94 30.38239 
96 30.20094 

98 30.01785 

100 29.83344 
102 29.64001 

104 29.46180 
106 29.27504 
108 29.08792 
110 20.90061 

112 28.71325 
114 28.52595 
116 28.33883 
118 28.15198 

120 27.96547 
122 27.77938 
124 27.:;9376 

126 27.40867 
128 27.22415 
130 27.04025 
1::12 2G.O:i702 

134 26.67447 
136 26.49266 
138 26.31161 

140 26.13136 
142 25.95193 
144 25.77336 
146 25.59567 
148 25.41889 
150 25.24304 
155 24.80768 
luO 24.37871 

165 23.95647 
170 23.54126 

173 23.13337 

180 22.73304 
185 22.34046 

19021.95581 
195 21.57921 
200 21.21075 
210 20.49853 
220 19.81935 
230 19.17298 

Isotherm 
derivative 
l·bar/mol 

300.16 

288.45 

274.79 

2G2.G4 

251.51 
241.55 
232.52 
224.31 
216.81 
209.93 
203.59 
197.72 

192.25 

187.14 
182.33 

177.80 
173.51 

169.43 
10.3.54 

161.82 
158.26 
154.83 
151.54 

148.36 
145.30 
142.34 

139.49 
136.73 
134.06 
131.48 

128.99 
126.58 
124.24 

121.99 
119.81 
117.70 
lIS.66 
1I3.70 
111.80 
107.32 
103.23 

99A8 
96.06 

92.93 

90.08 
87.48 
85.10 
82.95 
80.98 
77.58 
74.80 
72.54 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

20.92 

20.79 

20.60 

20.40 

20.17 
19.92 
19.65 
19.36 
19.04 
18.71 
18.37 
18.02 

17.67 

17.31 
l/i.94 

16.58 
16.22 
15.86 
13.51 

15.16 
14.81 
14.48 
14.15 

13.82 
13.50 
IS.19 

12.89 
12.59 
12.31 
12.02 

11. 75 
11.48 
11.22 

10.97 
10.72 
10.48 
10.25 
10.02 
9.80 
9.28 
8.79 

B.33 

7.91 

7.51 

7.14 
6.80 
6.48 
6.18 
5.90 
SAO 
4.96 
4.,57 

Internal Enthalpy 
energy J/mol 
J/mo\ 

550 bar Isobar 

-3962.0 

-3894.1 

-3807.2 

-3720.0 

-3634.8 
-3549.2 

-3463.9 
-3378.7 
-3293.8 
-3209.0 
-3124.4 
-3039.9 

-2955.6 

-2871.3 
-2787.3 

-2703.3 
-2619.6 

-2536.0 
-2452.6 

-2369.3 
-2286.3 
-2203.5 
-2120.9 

-2038.5 
-1956.3 
-1874.4 

-1792.7 
-1711.3 
-]630.1 
-13'}9.2 

-1468.5 
-1388.2 
-1308.1 

-1228.4 
-1148.9 
-1069.7 

-990.8 
-912.3 
-834.0 
-639.9 
-447.7 

-257.7 
-69.9 

115.8 

299.4 
480.7 
659.9 
837.0 

1012.0 
1355.7 
1691.4 
2019.5 

-22~2.2 

-2168.4 

-2073.5 

-]970.7 

- ]884.0 

··1789.3 
-1694.5 
-1599.6 
-1504.5 
-1409.4 
-1311.1 
-1218.8 

-1123.3 

-1027.8 
-932.2 

-836.5 
-740.8 
-645.2 
-549.5 

-453.8 
-358.2 
-262.7 
-167.2 

-71.7 

23.6 
118.8 

214.0 
309.0 
403.9 
498.7 

593.3 
687.9 
782.2 

876.4 
970.4 

1064.3 
1158.0 
1251.5 
1344.8 

1577.2 
1808.3 

2038.1 
2266.5 

2493.4 

2718.8 
2942.6 
3165.0 
3385.8 
3605.0 
4038.8 
4%6.5 
4888.1 

Entropy 
J/mol·K 

71.21 

72.19 
73.43 

74.63 

75.80 
76.94 
78.05 
79.14 
80.21 
81.26 
82.28 
83.28 

84.27 

85.23 
86.18 

87.11 
88.02 
88.91 
89.79 

90.65 
91.50 
92.33 
93.15 

93.95 
94.74 
95.51 

96.27 
97.02 
97.76 
98.48 

99.19 

99.89 
100.58 

J01.26 
101.93 
102.58 
103.23 
103.86 
104.49 

106.01 
107.48 

108.90 
110.26 

111.57 

lI2.84 
114.07 
115.26 
])6.40 
117.51 
119.63 
121.62 
123.50 

C" 
J/mol·K 

37.01 

36.3J 

35.45 

34.6(; 

33.91 
33.25 

32.64 

32.10 
31.61 
31.17 
30.77 
30.42 

30.10 

29.81 
29.54 

29.30 
29.08 
28.88 
28.70 

28.53 
28.36 
28.21 
28.07 

27.94 
27.81 
27.68 

27.S7 
27.45 
27.34 
27.24 

27.13 
27.03 
26.93 

26.83 
26.74 
26.64 
26.55 
26.46 
26.37 
26.16 
25.9." 

25.75 
25.56 

25.38 

25.20 
25.03 
24.87 
24.72 
24.57 
24.31 
24.06 
23.85 

Cp 

J/mol·K 

17.62 

47.51 
47.42 

47.37 

47.36 
47.38 

47.42 
47.48 
47.54 
47.60 
47.66 
47.71 

47.75 

47.79 
47.82 

47.83 
47.84 
47.84 
47.83 

47.82 
47.79 
47.77 
47.7.3 

47.69 
47.65 
41.6U 

47.54 
47.49 
47.42 
47.';6 

47.29 
47.21 
47.14 

47.06 
46.97 
46.89 
46.80 
46.70 
46.61 
46.36 
46.U\I 

45.81 
45.53 

4::>.:<'; 
44.93 
44.62 
44.31 
44.00 
43.69 
43.07 
42.46 
41.87 

Velocity 
of sound 

mls 

1171. 

1161. 
1145. 

1132. 

ll20. 

n09. 
1098. 

1088. 
1079. 
1070. 
1061. 
1052. 

1044. 

1035. 
1026. 

1018. 
1009. 
100!. 
992. 

984. 
976. 
967. 
959. 

951. 
943. 
YJb. 

927. 
919. 
911. 
YUJ. 

896. 

888. 
881. 

874. 
867. 
860. 
853. 
846. 

840. 
824. 
HU9. 

795. 
782. 

7oy. 

757. 
746. 
736. 
726. 
717. 
701. 
686. 
674. 



·Tempe·r· 
atuTe 

kelvin 

240 

250 
260 
270 
280 
290 
300 
:lIO 

320 
330 
340 

350 

360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
:l20 

540 
560 
580 
600 
620 
640 
660 
fiHfl 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 

1100 
1150 
1200 

Density 
molll 

18.55890 

17.97627 
11.42402 
16.90092 
16.40561 
15.93667 
15.49263 
1507203 

14.67345 
14.29550 
13.93685 

13.59625 
13.27252 
12.96453 
12.67127 
12.39176 
12.12510 
11.62709 
11.17128 
10.75260 
10.36668 

10.00979 
9.01872 

9.37071 
9.08336 
8.81459 
8.56260 
8.32580 
8.10281 
7.89241 
7/i!J:'!;;O 

7.50514 
7.32647 
7.15672 
6.99522 
6.84134 
6.69455 
6.35535 
6.05077 
5.77555 
5.52547 

5.29712 
5.08767 
4.89479 
4.71652· 

• 75.407 32.08026 
76 32.04028 
78 31.90155 

80 31.75705 
82 31.60718 
84 31.45237 
86 31.29309 
88 31.1 29B5 

Isotherm 
derivative 
I· bar/mol 

70.73 

69.30 
68.19 
67.36 
66.78 
66.39 
66.17 
/iii. 1 1 

66.17 
66.34 
66.60 

66.94 
67.35 
67.82 
68.34 
68.90 
69.51 
70.81 
72.22 
73.71 

75.26 

76.86 
18.49 

80.15 
81.83 
83.53 
85.24 
86.95 
88.68 
90.40 
!J? 1.3 

93.86 
95.59 
97.32 
99.05 

100.78 
102.51 
106.82 
111.11 
115.39 
119.65 

123.90 
128.13 
132.35 
136.56 

307.82 
303.34 
289.25 

276.57 
265.15 
254.83 
245.46 
236.95 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

4.23 

3.93 
3.66 
3.43 
3.22 
3.03 
2.86 
271 
2.57 
2.44 
2.33 

2.22 
2.13 
2.04 
1.96 
1.88 
1.81 
1.69 
1.58 
1.48 
1.40 

1.32 
1.25 

1.19 
1.14 
1.09 
1.04 

0.9986 
0.9599 
0.9243 
08913 

0.8606 
0.8321 
0.8054 
0.7805 
0.7571 
0.7351 
0.6856 
0.6425 
0.6047 
0.5712 

0.5414 
0.5146 
0.4904 
0.4685 

20.62 
20.59 
20.49 

20.36 
20.21 
20.02 
19.80 
19.56 

Internal 
energy 
lImo} 

2340.3 

2654.3 
2961.9 
3263.5 
3559.6 
3850.5 
4136.6 
44l1L, 

4695.9 
4969.8 
5240.2 

5507.4 
5771. 7 
6033.3 
6292.5 
6549.4 
6804.2 
7308.3 
7806.1 
8298.6 
8786.9 

9271.7 
9753.8 

} 0233.9 
10712.4 
11189.8 
11666.6 
12143.2 
12619.9 
13096.9 
135745 

14052.9 
14532.2 
15012.7 
15494.5 
15977.6 
16462.1 
17680.2 
18908.5 
20147.3 
21396.7 

22656.4 
23926.3 
25205.9 
26494.7 

Enthalpy 
llmol 

5303.G 

5713.9 
6118.5 
6517.8 
6912.1 
7301.6 
7686.6 
8067.4 

8444.2 
8817.1 
9186.5 

9552.6 
9915.6 

10275.7 
10633.0 
10987.8 
11340.2 
12038.6 
12729.4 
13413.7 
14092.4 

14766.4 
15430.4 

16103.2 
16767.4 
17429.5 
18089.9 
18749.2 
19407.6 
20065.6 
20723.4 

21381.2 
22039.3 
22697.8 
23357.0 
24016.9 
24677.8 
26334.4 
27998.3 
29670.2 
31350.6 

33039.4 
34736.7 
36442.3 
38155.9 

600 bar Isobar 

-3936.1 -2065.8 
-3910.6 -2038.0 
-3825.2 -1944.4 

-3740.3 -1851.0 
-3655.9 -1757.6 
-3571.8 -1664.2 
-3488.0 -1570.6 
-3404.4 -1477.0 

Entropy 
J/mol·K 

125.26 

126.94 
128.53 
130.03 
131.47 
132.83 
134.14 
13;;.~!J 

136.58 
137.73 
138.83 

139.90 
140.92 
141.90 
142.86 
143.78 
144.67 
146.38 
147.98 
149.50 
150.95 

152.32 
153.04 

154.90 
156.10 
157.26 
158.38 
159.46 
160.51 
161.52 
1li2.50 

163.46 
164.38 
165.29 
166.17 
167.02 
167.86 
169.87 
171. 77 
173.58 
175.30 

176.95 
178.53 
180.05 
181.50 

71.48 
71.85 
73.07 

74.25 
75.40 
76.53 
77.63 
78.70 

Cv 

J/mol·K 

23.65 

23.48 
23.32 
23.18 
23.06 
22.94 
22.84 
22.7;; 

22.67 
22.60 
22.54 

22.48 
22.43 
22.39 
22.35 
22.32 
22.30 
22.26 
22.24 
22.24 
22.25 

22.28 
22.32 

22.38 
22.44 
22.51 
22.60 
22.68 
22.78 
22.88 
22.98 

23.09 
23.20 
23.3J 
23.43 
23.54 
23.65 
23.94 
24.22 
24.50 
24.76 

25.01 
25.25 
25.47 
25.68 

36.77 
36.49 
35.61 

34.80 
34.05 
33.38 
32.77 
32.22 

Cp 

J/mol·K 

41.29 

40.73 
40.19 
39.68 
39.19 
38.72 
38.29 
. ~7.87 

37.48 
37.12 
36.77 

36.45 
36.15 
35.87 
35.60 
35.36 
35.13 
34.72 
34.37 
34.07 
33.81 

33.59 
33.42 

33.27 
33.15 
33.06 
32.99 
32.94 
32.91 
32.89 
32.89 

32.90 
32.91 
32.94 
32.9B 
33.02 
33.07 
33.20 
33.36 
33.52 
33.69 

33:86 
34.03 
34.19 
34.35 

46.88 
46.84 
46.74 

46.69 
46.70 
46.73 
46.80 
46.88 

Velocity 
of sound 

m/s 

664. 

655. 
648. 
642. 
637. 
632. 
629. 
fi27 . 
625. 
624. 
623. 

622. 
622. 
623. 
623. 
624. 
625. 
628. 
631. 
635. 
639. 

643. 
04/!. 

652. 
657. 
662. 
667. 
671. 
676. 
681. 
6S6. 

691. 
696. 
701. 
706. 
710. 
715. 
727. 
739. 
751. 
762. 

774. 
185. 
796. 
807. 

1184. 
1179. 
1164. 

1151. 
1139. 
1129. 
1119. 
1109. 
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864 

Temper· 
ature 
kelvin 

90 
92 
94 
96 
98 

100 
102 
104 
106 
108 
liD 
112 
114 
116 
118 

120 

122 
124 
126 
12S 

130 
132 
134 
136 

138 

140 
142 
144 
146 
148 
ISO 
155 
160 
165 
170 

175 
180 
185 
190 
195 
200 
210 
220 
230 
240 

250 

260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 

Density 
molll 

30.96311 
30.79337 
30.62107 
30.44662 
30.27041 

30.09279. 
29.91407 
29.73451 
29.55436 
29.37381 
29.19306 
29.01225 
28.83151 
28.65097 
28.47072 

28.29085 

28.11139 
27.93246 
27.75409 
27.67634 

27.39923 
27.22282 
27.04713 
26.87220 

26.69806 

26.52473 
26.35224 
26.18062 
26.00988 
25.84006 
25.67116 
25.25312 
24.84132 
24.43603 
24.03747 

23.64587 
23.26140 
22.88420 
22.51439 
22.15207 
21.79729 
21.11049 
20.45400 
19.82752 
19.23052 

18.66220 

18.12165 
17.60780 
17.11950 
IG.6G554 

16.21468 
15.79568 
15.39730 
15.01837 
14.65772 

14.31425 
13.98692 
13.67472 

Isotherm 
derivative 
I·bar/mol i 

229.17 
222.05 
215.49 
209.42 
203.79 

198.54 
193.61 
188.98 
184.60 
180.44 
176.49 
172.71 
169.10 
165.63 
162.29 

159.08 

155.98 
152.99 
150.11 
)47.31 

144.61 
141.99 
139.46 
137.01 

134.63 

132.34 
130.11 
127.96 
125.87 
123.86 
121.90 
117.30 
113.06 
109.17 
105.60 

102.33 
99.33 
96.58 
94.06 
91.75 
89.65 
85.97 
82.91 
80.38 
78.31 

76.63 

75.28 
74.23 
73.43 
72.84 

72.44 
72.19 
72.09 
72.11 
72.23 

72.44 
72.73 
73.08 
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Thermodynamic properties of nit~ogen-Contjnued 

Isochore 
derivative 

bar·K 

19.29 
19.00 
18.69 
18.37 
18.03 

17.69 
17.35 
17.00 
16.65 
16.30 
15.96 
15.61 
15.27 
14.94 
14.61 

14.29 

13.98 
13.67 
13.36 
13.07 

12.78 
12.50 
12.22 
11.96 

11.70 

11.44 
II.l9 
10.95 
10.72 
10.49 
10.27 
9.73 
9.24 
8.78 
8.34 

7.94 
7.57 
7.21 
6.89 
6.58 
6.29 
5.77 
5.32 
4.92 
4.56 

4.25 

3.97 
3.72 
3.49 
3.29 

3.11 
2.95 
2.80 
2.67 
2.54 

2.43 
2.32 
2.23 

Internal 
energy 
J/mol 

-3320.9 
-3237.6 
-3154.4 
-3071.2 
-2988.2 

-2905.3 
-2822.5 
-2739.8 
-2657.3 
-2574.9 
-2492.6 
-2410.5 
-2328.7 
-2247.0 
-2165.5 

-2084.2 

-2003.1 
-1922.3 
-1841.7 

1761.3 

- 1681.2 
-1601.4 
- 1521.8 
-1442.S 

- 1363.5 

-1284.8 
-1206.3 
-1128.2 
-1050.3 
-972.7 
-895.5 
-703.7 
-514.0 
-326.3 
-140.6 

43:0 
224.6 
404.0 
581.4 
756.8 
930.2 

1271.1 
1604.5 
1930.7 
2250.0 

2562.9 

2869.7 
3171.0 
3466.9 
3757.9 

4044.4 
4326.7 
4605.0 
4879.7 
5151.1 

5419.4 
5684.8 
5947.6 

Enthalpy 
J/mol 

-1383.1 
-1289.1 
-1194.9 
- JlOO.6 
-1006.1 

-911.5 
-816.7 
-721.9 
-627.1 
-532.2 
-437.3 
-342.5 
-247.6 
- 152.8 
-58.0 

30.0 

131.2 
225.8 
320.2 
414.4-

508.6 
602.6 
696.5 
790.3-

883.9 

977.3 
1070.5 
1163.6 
1256.5 
1349.2 
1441.8 
1672.2 
1901.3 
2129.1 
2355.5 

2580.5 
2803.9 
3025.9 
3246.4 
3465.4 
3682.9 
4113.3 
4537.9 
4956.8 
5370.0 

5777.9 

6180.7 
6578.5 
6971. 7 
7360.3 

7744.8 
8125.2 
8501.8 
8874.8 
9244.5 

9611.0 
9974.5 

10335.3 

Entropy 
J/mol·K 

79.76 
80.79 
81.80 
82.80 
83.77 

84.73 
85.67 
86.59 
87.4'1 

88.38 
89.25 
90.10 
90.94 
91.77 
92.58 

93.57 

94.15 
94.92 
95.68 
96.42 

97.15 
97.87 
98.57 
99.27 

99.95 

100.62 
101.28 
101.93 
102.58 
103.21 
103.83 
105.34 
106.79 
108.20 
109.55 

110.85 
]]2.11 
113.33 
114.50 
]]5.64 
116.74 
]]8.84 
120.82 
122.68 
124.44 

12ti.1O 

127.68 
129.18 
130.61 
131.98 

133.28 
134.53 
135.72 
136.87 
137.98 

139.04 
140.06 
141.05 

C" 
J/mol·K 

31.73 
31.29 
30.89 
30.54 
30.22 

29.93 
29.66 
29.43 
:tY.:tl 
29.01 
28.83 
28.66 

28.50 
28.35 
28.21 

2a.07 

27.95 
27.83 
27.71 
27.60 

27.49 
27.38 
27.28 
27.1l! 

27.08 

26:99 
26.89 
26.80 
26.71 
26.62 
26.54 
26.32 
26.12 
25.92 
25.73 

25.55 
25.38 
25.21 
25.05 
24.90 
24.75 
24.48 
24.23 
24.01 
23.81 

23.()3 

23.47 
23.33 
23.20 
.23.08 

22.97 
22.S8 
22.80 
22.72 
22.65 

22.59 
22.54 
22.49 

Cp 

J/mol·K 

46.97 
47.05 
47.14 
47.21 
47.28 

47.34 
47.38 
47.41 
41.43 

47.44 
47.44 
47.43 
47.42 
47.39 
47.36 

47.32 

47.28 
47.23 
47.17 
47.11 

47.05 
46.98 
46.91 
46.l!3 

46.75 

46.67 
46.58 
46.50 
46.40 
46.31 
46.21 
45.96 
45.69 
45.42 
45.13 

44.84 
44.55 
44.25 
43.95 
43.65 
43.35 
42.75 
42.17 
41.60 
41.06 

4U.::';) 

40.03 
39.54 
39.09 
38.65 

3S.24 
37.85 
37.48 
37.13 
36.81 

36.50 
36.21 
35.94 

Velocity 
of sound 

mls 

1100. 
1092. 
1083. 
1075. 
1067. 

1059. 
1051. 
1043. 
1034. 

1026. 
lOIS. 
1010. 
1002. 
994. 
986. 

978. 

971. 
963. 
955. 
948. 

940. 
933. 
925. 
91l!. 

911. 

904. 
897. 
890. 
884. 
877. 
87L 
855. 
840. 
826. 
813. 

801. 
789. 
778. 
768. 
758. 
749. 
732. 
718. 
705. 
694. 

tlH5. 

677. 
670. 
665. 
(jOO. 

656. 
653. 
650. 
649. 
647. 

646. 
646. 
646. 



Temper--

ature 
kelvin 

380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 

760 
780 
800 
850 
900 
950 

1000 

1050 
1100 
1150 
1200 

• 76.357 
78 

80 
82 
84 
86 
88 

90 
92 
94 
96 
98 

100 
10'2 

104 
106 
lOa 
110 

·112 
114 
116 
118 

Density 

mol/l 

13.37674 
13.09210 
12.81998 
12.31028 
11.84216 
11.41083 
11.01216 

10.64258 
10.29899 
9.97871 
9.67939 
9.39898 
9.13570 
8.88797 
8.65441 
8.43378 
8.22501 

8.02711 
7.83923 
7.00000 

7.49051 
7.32833 
7.17352 
6.81541 
6.49339 
6.20206 
5.93705 

5.69482 
5.47243 
5.26747 
5.07789 

32.17824 
32.07021 

31.93337 
31.79104 
31.64362 
31.49159 
31.33542 

31.17561 
31.01263 
30.84693 
30.67896 
30.50910 

30.33772 
30.16513 

29.99163 
29.81747 
29.64287 
29.46802 
29.29310 
29.11823 
28.94355 
28.76916 

IBotherm 

derivative 
I·bar/mol 

73.50 
73.97 
74.49 
75.63 
76.91 
78.28 
79.72 

81.23 
82.79 
84.38 
86.00 
87.64 
89.30 
90.97 
92.66 
94.35 
96.05 

97,76 
99.46 

101.17 

102.88 
104.60 
106.31 
110.58 
114.85 
119.10 
123.34 

127.57 
131. 79 
136.00 
140.19 

315.63 
303.80 

290.70 
278.87 
268.16 
258.45 
249.61 
241.54 
234.14 
227.35 
221.07 
215.26 

209.84 
'2Od.711 

200.03 
195.55 
191.30 
187.27 
183.43 
179.76 
176.24 
172.86 
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Thermodynamic properties of nitrogen-Continued 

Isochore 

derivative 
bar·K 

2.14 
2.06 
1.98 
1.85 
1.73 
1.62 
1.53 

1.45 
1.37 
1.31 
1.24 
1.19 
1.14 
1.09 
1.05 
1.01 

0.9758 

0.9421 
0.9108 
0.8815 

0.8541 
0.8284 
0.8043 
0.7499 
0.7026 
0.6611 
0.6243 

0.5916 
0.5622 
0.5357 
0.5117 

20.36 
20.35 

20.30 
20.21 
20.09 
19.92 
19.73 

19.50 
19.25 
]8.97 
18.68 
18.37 

18.05 
17.7'2 

17.39 
17.05 
16.72 
16.38 
16.04 
15.71 
15.38 
15.06 

Internal 

energy 
llmol 

6208.0 
6466.1 
6722.2 
7228.9 
7729.3 
8224.5 
8715.3 

9202 .. 6 
9687.1 

10169.5 
10650.2 
11129.9 
11608.8 
12087.4 
12566.0 
13044.9 
13524.3 

14004.5 
14485.5 
14967.6 

15450.9 
15935.5 
16421.5 
17643.1 
18874.5 
20116.2 
21368.2 

22630.4 
23902.5 
25184.2 
26475.0 

Enthalpy 

lImo} 

10693.4 
11049.0 
11402.4 
12102.9 
12796.0 
13482.6 
14163.8 

14840.3 
15512.9 
16182.3 
16849.0 
17513.5 
18176.4 
18838.1 
19498.9 
20159.2 
20819.1 

21479.1 
22139.3 
22799.9 

23461.1 
24122.9 
24785.6 
26446.7 
28114.7 
29790.4 
31474.2 

33166.3 
34866.5 
36574.8 
38291.0 

650 bar Isobar 

-3910.1 -1890.1 
-3841.1 -1814.3 

-3757.7 -1722.3 
-3674.8 -1630.2 
-3592.2 -1538.1 
-3509.8 -1445.8 
-3427.6 -1353.3 

-3345.6 -1260.6 
-3263.6 -1167.7 
-3]81.7 -1074.6 
-3099.9 -981.2 
-3018.2 -887.6 

-2936.5 -793.9 
-211S4.D -700.1 

-2773.3 -606.1 
-2691.9 -512.0 
-2610.6 -417.9 
-2529.5 -323.7 
-2448.5 -229.5 
-2367.6 -135.4 
-2287.0 -41.2 
-2206.5 52.9 

Entropy 

l/mol·K 

142.01 
142.93 
143.82 
145.53 
147.15 
148.67 
150.12 

151.50 
152.82 
154.08 
155.30 
156.46 
157.59 
158.67 
159.72 
160.74 
161. 72 

162.68 
163.61 
1M.51 

165.39 
166.25 
167.09 
169.11 
171.01 
172.83 
174.55 

176.20 
177.79 
179.30 
180.77 

71.75 
72.73 

73.90 
75.03 
76.14 
77.23 
78.29 

79.33 
80.35 
81.35 
82.34 
83.30 

84.25 
IlS.l11 

86.09 
86.99 
87.87 
88.73 
89.58 
90.4] 
91.23 
92.03 

C. 

l/mol'K 

22.45 
22.42 
22.39 
22.35 
22.32 
22.32 
22.33 

22.35 
22.39 
22.44 
22.50 
22.57 
22.65 
22.74 
22.83 
22.93 
23.03 

23.14 
23.25 
23.30 

23.47 
23.58 
23.70 
23.98 
24.26 
24.53 
24.79 

25.04 
25.28 
25.50 
25.71 

36.47 
35.74 

34.91 
34.16 
33.48 
32.86 
32.31 

31.82 
31.38 
30.99 
30.63 
30.32 

30.03 
'2D.77 

29.54 
29.32 
29.12 
28.94 
28.78 
28.62 
28.47 
28.33 

Cp 

J/mo}·K 

35.69 
35.45 
35.23 
34.83 
34.49 
34.19 
33.94 

33.72 
33.54 
33.40 
33.28 
33.18 
33.11 
33.06 
33.02 
33.00 
33.00 

33.00 
33.02 
33.04 

33.07 
33.11 
33.16 
33.29 
33.44 
33.59 
33.76 

33.92 
34.09 
34.25 
34.40 

46.15 
46.07 

46.03 
46.04 
46.10 
46.18 
46.29 

46.40 
46.52 
46.63 
46.73 
46.82 

46.90 
46.D6 

47.01 
47.05 
47.08 
47.09 
47.09 
47.08 
47.06 
47.03 

Velocity 

of sound 
MIs 

646. 
646. 
647. 
649. 
651. 
654. 
658. 

661. 
665. 
669. 
674. 
678. 
683. 
687. 
692. 
696. 
701. 

706. 
71<1. 
715. 

719. 
724. 
729. 
740. 
752. 
763. 
774. 

785. 
797. 
807. 
818. 

1194. 
1182. 

1170. 
lI58. 
1148. 
1139. 
1130. 

1121. 
Il13. 
lI05. 
1097. 
1089. 

1082. 
1074. 

1066. 
1058. 
1051. 
1043. 
1035. 
1027. 
1020. 
1012. 
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.. -...... 

T('mpl~I 

aturc 

kelvin 

120 
122 
124 
126 
128 
130 

132 

134 
136 
l:lR 

140 
142 
144 
146 
148 
150 
155 
160 
165 
170 

175 
180 
185 
190 
19:> 

200 
210 
220 
230 
240 

250 
260 

270 
280 
290 
300 

310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 

. -:'.--.-=-- - . 

Density 
molll 

28.59514 
28.42159 
28.24856 
28.07611 
27.90429 
27.73314 

27.56270 
27.39301 
27.22410 
')7 O!';!';Ql'1 

26.88870 
26.72226 
26.55669 
26.39201 
26.22823 
26.06539 
25.66241 
25.26554 
24.87499 
24.49093 

24.11351 
23.74287 
23.37911 
23.02231 
<!l.()7<!5~ 

22.32980 
21.66553 
21.02940 
20.42104 
19.83988 

19.28520 
10.7:;614 

18.25175 
17.77102 
17.31290 
16.87630 

16.460J5 
16.06338 
15.68494 
15.32382 

14.97904 
14.64967 
14.33483 
14.03367 
13.74540 
13.46927 
12.95069 
12.4 7284 
12.03125 
11.62203 

11.24177 
10.88751 
10.55665 
10.24691 
9.95628 
9.68302 
9.42557 
9.18255 
8.95273 

Isotherm 
derivative 
I·har/mo! 

169.61 
166.48 
163.45 
160.53 
157.70 
154.96 

152.31 
149.75 

147.26 
144.85 

142.51 
140.25 
138.05 
135.92 
133.86 
131.86 
127.14 
122.78 
118.75 
1I5.05 

111.63 
108.49 
105.61 
102.95 
100.51 
98.27 
94.32 
91.01 
88.23 
85.92 

84.01 
82.44 

8U8 
80.18 
79.40 
78.82 

78.41 
78.14 
78.01 
78.00 

78.08 
78.25 
78.49 
78.81 
79.18 
79.60 
80.59 
81.72 
82.97 
84.31 

85.72 
87.19 
88.70 
90.26 
91.84 
93.45 
95.08 
96.73 
98.38 

_'_r_ 
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Th"nHodynarnic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

14.74 
14.43 

14.12 
13.82 
13.52 
13.23 

12.95 

12.68 
12.41 
12.15 

11.89 
11.64 
11.40 
II. 16 
10.93 
lO.71 
10.17 

9.67 
9.20 
8.76 

8.35 
7.97 
7.61 
7.27 
6.96 
6.67 
6.13 
5.66 
5.25 
4.88 

4.55 
4.26 

4.00 
3.76 
3.55 
3.36 

3.19 
3.03 
2.88 
2.75 

2.63 
2.52 
2.42 
2.32 
2.23 
2.15 
2.00 
1.88 
1.76 
1.66 

1.57 
1.49 
1.42 
1.35 
1.29 
1.24 
1.19 
1.14 
UO 

Internal 
energy 
J/mo! 

-2126.2 
-2046.] 
-1966.3 
-1886.6 
-1807.2 
-17!!S.1 

-1649.2 
-1570.5 

-1492.2 
-1·1,1-1-.1 

-1336.2 
-1258.7 
-1l81.4 
-1I04.4 
-1027.7 
-951.4 
-761.7 
-574.0 
-388.2 
-204.5 

-22.7 
157.2 
335.0 
510.9 
684.8 
856.8 

1195.3 
1526.5 
1851.0 
2168.9 

2480.7 
278O.8 

3087.5 
3383.2 
3674.2 
3960.9 

4243.4 
4522.2 
4797.6 
5069.6 

5338.7 
5605.0 
5868.7 
6130.1 
6389.3 
6646.4 
7155.3 
7657.9 
8155.2 
8648.3 

9137.8 
9624.4 

10108.9 
10591.6 
11073.2 
II 554. I 
12034.5 
12514.9 
12995.5 

Enthalpy 
Jlmol 

146.9 
240.9 
334.7 
428.5 
522.2 
615.7 

709.1 
802.3 
895.4 
999.1 

1081.2 
1173.8 
1266.2 
135S.4 
1450.5 
1542.4 
1771.2 
1995.7 
2224.8 
2449.6 

2672.9 
2894.8 
3115.2 
3334.2 
3551.7 
3767.7 
4195.4 
4617.5 
5034.0 
5445.1 

5851.2 
6252.3 

6648.8 
7040.8 
7428.6 
7012.4 

8192.4 
8568.7 
8941.7 
9311.4 

9678.1 
10042.0 
10403.1 
10761.8 
11 lIS. 1 
11472.2 
12174.3 
12869.2 
13557.8 
14241.1 

14919.8 
15594.6 
16266.1 
16935.0 
17601.8 
18266.9 
18930.7 
19593.6 
20255.9 

Entropy 
J/mol·K 

92.83 
93.60 
94.36 
95.11 
95.85 
96.58 

97.29 
97.99 
98.68 
09.36 

100.03 
100.68 

101.33 
101.97 
102.59 
103.21 
104.71 

106.15 
107.55 
108.89 

110.18 
111.43 
112.64 
113.81 
114.94 
116.03 
118.12 
120.08 
121.93 
123.68 

125.34 
l:l().'!~ 

128.41 
129.84 
131.20 
132.50 

133.75 
134.94 
136.09 
137.19 

138.26 
139.28 
140.27 
141.23 
142.15 
143.05 
144.76 
146.38 
147.91 
149.36 

150.75 
152.07 
153.34 
154.55 
155.72 
156.85 
157.94 
158.99 
160.01 

Cv 

J/mol·K 

28.20 
28.0S 
27.96 
27.85 
27.74 
27.63 

27.53 
27.43 
27.33 
27.23 

27.14 
27.05 
26.96 
26.87 
26.78 
26.69 
21'.4J:l 

26.28 
26.09 
25.90 

25.72 
25.55 
25.38 
25.22 
25.07 
24.92 
24.65 
24.40 
24.17 
23.97 

23.79 
~3.62 

23.47 
23.33 
23.21 
23.10 

23.00 
22.92 
22.84 
22.76 

22.70 
22.64 
22.59 
22.55 
22.51 
22.48 
22.4:1 

22.41 
22.40 
22.40 

22.42 
22.46 
22.51 
22.57 
22.63 
22.71 
22.80 
22.89 
22.98 

Cp 

J/mol'K 

47.00 
46.96 
46.91 
46.85 
46.80 
46.7:) 

46.66 
46.59 
46.51 
46.43 

46.35 
46.26 
46.17 
46.08 
45.98 
45.89 
45.63 

45.37 
45.09 
44.81 

44.52 
44.23 
43.94 
43.65 
43.35 
43.06 
42.48 
41.92 
41.38 
40.86 

40.36 
39.88 
39.42 
38.99 
38.57 
38.18 

37.81 
37.46 
37.13 
36.82 

36.53 
36.25 
35.99 
35.75 
35.52 
35.30 
3d. 9? 

34.58 
34.29 
34.04 

33.83 
33.65 
33.51 
33.39 
33.29 
33.22 
33.16 
33.13 
33.11 

Velocity 
of sound 

m/s 

1004. 
997. 
989. 
982. 
975. 
967. 

960. 
953. 
946. 
939. 

932. 
925. 
919. 
912. 
906. 
900. 
8B4. 

870. 
856. 
843. 

831. 
819. 
B08. 
798. 
788. 
779. 
762. 
747. 
734. 
723. 

7J3. 
705. 
698. 
692. 
686. 
682. 

678. 
675. 
673. 
671. 

670. 
669. 
668. 
668. 
668. 
668. 
660. 

671. 
673. 
676. 

679. 
683. 
687. 
690. 
694. 
699. 
703. 
707. 
711. 



Temper-
alure 

kelvin 

680 

700 
720 
14V 

760 
780 
800 
850 

900 
950 

1000 

1050 
1100 
1150 
1200 

Density 
moill 

!!.7::ISU4 

8.52851 
8.33225 
8.14550 

7.96754 
7.79775 

7.63555 
7.25990 

6.92175 
6.61539 
6.33641 

6.08115 
5.84660 
5.63024 
5.42995 

"77.298 32.27507 
78 32.23095 

80 32.10130 
82 31.96604 
84 31.82557 
86 31.68033 
88 31.53081 
90 :> 1.37749 
92 31.22084 
94 31.06133 
96 30.89939 
98 30.73543 

100 30.56982 
102 30.40291 
104 30.23499 
106 30.06632 
108 29.89715 
110 29.72769 
]]2 29.55809 
114 29.3885.3 
116 29.21914 
118 29.05001 

120 28.88126 
122 28.71297 
124 28.54520 
126 28.37802 
128 28.21148 
130 28.04561 
132 27.88047 
1.3Q 27.71609 

136 27.55249 
j 38 27.38970 

140 27.22774-

142 27.06663 
"44 26.90640 
146 26.74705 
148 26.52S60 

150 26.43108 

Isotherm 
derivative 
I·bar/mol 

lUU.O!> 

101.73 
103.41 
105.09 

106.78 
108.47 
110.16 
114.40 

118.63 
122.86 
127.08 

131.29 
135.49 
139.69 
143.87 

323.55 
318.46 

304:93 
292.68 
281.58 
271.49 
262.31 
253.92 
246.24 
239.19 
232.69 
226.67 

221.08 
215.86 
210.98 
206.38 
202.04-

197.92 
)94.00 
190.27 
i86.69 
183.26 

179.97 
176.79 
173.73 
170.n 
167.91 
165.14 
162.46 
159.86 

157.34 
154.90 

152.G2 

150.22 
147.99 
14-5.82 
143.12 

]41.68 
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Thermodynamic properties of nitrogen-Continued 

Isochoni 
derivative 

bar·K 

l.Ub 

1.02 
0.9895 
0.9570 

0.9278 
0.8998 

0.8735 
0.8142 

0.7627 
0.7175 
0.6775 

0.6419 
0.6099 
0.58lJ 
0.5549 

20.16 
20.18 

20.20 
20.19 
20.12 
20.02 
19.87 
19.69 
19.47 
19.23 
18.97 
18.68 

18.38 
18.07 
17.76 
17.43 
17. II 
16.78 
16.45 
16.13 
15.80 
15.48 

15.17 
14.85 
14.55 
14.25 
13.95 
13.67 
13.38 
13.11 

12.84-
12.:18 

12.32 

12.07 
11.82 
11.59 
lL3S 

11.13 

Internal 
energy 
Jlmo) 

1~41b.b 

13958.4 
14441.0 
14924.6 

15409.2> 
15895.4 
16382.7 
17(,07.4-

18841.8 
20086.2 
21340.7 

22605.2 
23879.5 
25163.2 
26455.9 

Enthalpy 
Jlmol 

ZU917.Y 

21579.9 
22242.0 
22904.5 

23567.4 
24231.1 
24895.5 
26::;60.7 

28232.5 
29911.8 
31598.9 

33294.0 
34997.1 
36708.0 
38426.6 

700 bar Isobar 

-3884.2 
-3855.2 

--37n.2 
-3691. 7 

-3610.5 
'-3529.6 
-3448.8 
-3368.1 
-3287.4-
-3206.8 
-3126.2 
-3045.7 

-2965.2 
-2884.7 
-2804.3 
-2723.9 
-2643.7 
-2563.5 
-2483.5 
-2403.6 
-2323.9 
-2244.4 

-2165.0 
-2085.8 
-2006.8 
-1928.1 
-1849.5 
-1771.2 
-1693.2 
-1015.3 

-15.37.8 
-1460.5 

1383.4-

-1306.7 
-1230.2 
-]154.0 
-1078.1 

-1002.4 

-1715.3 
-1683.4 

-1592.6 
- 1501.9 
-1411.0 
-1320.0 
-1228.7 
-1137.2 
-1045.3 

·-953.2 
-860.8 
··768.2 

-675.3 
-582.3 
-'489.1 
-395.8 
-302.3 
-208.8 
-115.3 
-21.8 

71.8 
165.3 

258.7 
352.1 
445 A 
538.6 
631.7 
724.7 
811.6 
910.3 

1002.8 
1095.2 

1107.5 

1279.5 
1371.4-
1463.1 
155".6 

1646.0 

Entropy 
J/mol-K 

IbJ.UO 

161.96 
162.89 
108.80 

164.68 
165.54 
166.39 
160.40 

170.32 
172.13 
173.86 

175.52 
177.10 
li8.62 
180.09 

72.00 
72.41 

73.56 
74.68 
75.78 
76.85 
77.90 
78.93 
79.94 
80.93 
81.90 
82.85 

83.79 
84.71 
85.62 
86.51 
87.38 
88.24 
89.08 
89.91 
90.72 
91.52 

92.31 
93.08 
93.84 
94.58 
95.32 
96.04 
96.75 
97.44 

98.13 
98.80 

99.47 

100.12 
100.76 
]01.39 
102.02 

102.63 

C. 
J/mol-K 

23.08 

23.19 
23.29 
23.40 

23.51 
23.63 
23.74 
24.02 

24.30 
24.57 
24.83 

25.07 
25.31 
25.53 
25.73 

36.12 
35.81 

34.98 
34.22 
33.54 
32.93 
32.38 
31.89 
31.45 
31.06 
30.71 
30AO 

30.12 
29.86 
29.63 
29.42 
29.23 
29.05 
28.89 
28.73 
28.59 
28.46 

28.33 
28.21 
28.09 
27.98 
27.87 
27.77 
27.67 
27.57 

27.47 
27.38 

27.29 

27.20 
27.n 
27.02 
26.9S 

26.85 

Cp 

J/mol-K 

33.10 

33.10 
33.11 
33.14 

33.16 
33.20 
33.24 
33.37 

33.51 
33.66 
33.82 

33.98 
34.14 
34.30 
34.45 

45.44 
45.41 

45.37 
45.40 
45.47 
45.57 
45.70 
45.84 
45.99 
46.13 
46.26 
46.38 

46.48 
46.57 
46.64 
46.69 
46.7.3 
46.76 
46.77 
46.77 
46.76 
46.74 

46.71 
46.67 
46.63 
46.58 
46.52 
46.46 
46.39 
46.32 

46.2" 
46.16 

46.08 

45.99 
45.90 
45.80 
15.71 

45.61 

Velocity 
of sound 

mls 

716. 

720. 

724. 
729. 

733. 
738. 
742. 
7S3. 

764. 
775. 
786. 

797. 
808. 
819. 
829. 

1205. 
1201. 

)]88. 
]]77. 

1167. 
1158. 
1150. 
1141. 
ll34. 
1126. 
1118. 
III J. 

1104. 
1096. 
1089. 
108L 
1074. 
1066. 
1059. 
1051. 
lO44. 
I037. 

1029. 
1022. 
lOIS. 

1007. 
1000. 
993. 
986. 
979. 

972. 
966. 

9:;9. 

952. 
946. 
939. 
933. 

927. 
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Temper. 
ature 
kelvin 

155 
160 
165 
170 

175 
]80 
185 
]90 
195 
200 
210 
220 
230 
240 

250 
260 
270 
280 
290 
300 

310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
d?O 

440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
HUU 

850 
900 
950 

1000 

1050 
1100 
1150 
1200 

Density 
molll 

26.04136 
25.65763 
25.28005 
24.90874 

24.54383 
24.18540 
23.83352 
23.48824 
23.14959 
22.81759 
22.17349 
21.55573 
20.96390 
20.39741 

19.85556 
19.33756 
18.84254 
18.36957 
17.91772 
17.48603 

17.07355 
16.67931 
16.30240 
1::;.94192 

15.59699 
15.26677 
14.95047 
14.64732 
14.35661 
14.07765 
13.55245 

13.06702 
12.61718 
12.19927 

11.81006 
11.44673 
11.10676 
10.78796 
10.48839 
10.20631 
9.94021 
9.68873 
9.45067 
9.22493 

9.01056 
8.80666 
8.61251 
8.42736 
8.25057 
8.08157 
7.68982 
7.33658 
7.01621 
6.72415 

6.45665 
6.21063 
5.98351 
5.77310 

Isotherm 
derivative 
l·bar/mol 

136.85 
132.37 
128.23 
124.40 

120.86 
117.59 
114.57 
111.78 
109.22 
106.85 
102.65 
99.10 
96.09 
93.55 

91.43 
89.65 
88.19 
87.00 
86.04 
85.29 

84.72 
84.30 
84.03 
83.88 

83.83 
83.88 
84.02 
84.23 
84.51 
84.84 
85.66 

86.65 
87.77 
88.99 

90.30 
91.69 
93.13 
94.61 
96.14 
97.69 
99.27 

100.87 
102.49 
104.12 

105.76 
107.41 
109.07 
110.73 
112.40 
114.07 
118.26 
122.46 
126.66 
130.86 

135.05 
139.23 
143.40 
147.57 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

10.59 
10.08 
9.60 
9.16 

8.74 
8.35 
7.99 
7.65 
7.32 
7.02 
6.48 
5.99 
5.56 
5.18 

4.84 
4.54 
4.27 
4.02 
3.80 
3.60 

3.42 
3.25 
3.10 
2.96 

2.83 
2.71 
2.60 
2.50 
2.41 
2.32 
2.16 

2.02 
1.90 
1. 79 

1. 70 
1.61 
1.53 
1.46 
1.40 
1.34 
1.28 
1.23 
1.19 
1.14 

1.11 
1.07 
1.03 
1.00 

0.9711 
0.9427 
0.8786 
0.8229 
0.7740 
0.7307 

0.6922 
0.6577 
0.6265 
0.5982 

Internal 
energy 
l/mol 

-814.7 
-628.7 
-444.7 
-262.6 

-82.3 
96.0 

272.4 
446.9 
619.5 
790.4 

1126.7 
1456.1 
1778.9 
2095.6 

2406.4 
2711. 7 
3011.8 
3307.2 
3598.0 
3884.7 

4167.5 
4446.6 
4722.3 
4994.9 

5264.6 
5531.6 
5796.0 
6058.2 
6318.1 
6576.2 
7086.8 

7591.3 
8090.6 
8585.5 

9076.9 
9565.5 

10051.8 
10536.4 
11019.7 
11502.3 
11984.4 
12466.4 
12948.6 
13431.2 

13914.5 
14398.5 
14883.5 
15369.6 
15856.9 
16345.5 
17573.3 
18810.4 
20057.3 
21314.2 

22581.0 
23857.3 
25142.9 
26437.5 

Enthalpy 
l/mol 

1873.4 
2099.5 
2324.3 
2547.7 

2769.7 
2990.3 
3209.4 
3427.1 
3643.4 
3858.2 
4283.6 
4703.5 
5118.0 
5527.4 

5931.8 
6331.6 
6726.8 
7117.8 
7504.8 
7887.9 

8267.4 
8643.4 
9016.2 
9385.8 

9752.6 
10116.7 
10478.1 
10837.2 
11193.9 
11548.6 
12251.9 

12948.3 
13638.6 
14323.6 

15004.1 
15680.7 
16354.2 
17025.1 
17693.8 
18360.8 
19026.5 
19691.3 
20355.5 
21019.4 

21683.1 
22347.0 
23011.2 
23675.9 
24341.2 
25007.2 
26676.2 
28351.6 
30034.2 
31724.5 

33422.5 
35128.3 
36841.8 
38562.7 

Entropy 
J/mol·K 

104.12 
105.56 
106.94 
108.27 

109.56 
110.80 
112.01 
113.17 
114.29 
115.38 
117.45 
119.41 
121.25 
122.99 

124.64 
126.21 
127.70 
129.12 
130.48 
131. 78 

133.03 
134.22 
135.37 
136.47 

137.53 
138.56 
139.55 
140.51 
141.43 
142.33 
144.05 

145.67 
147.20 
148.66 

150.05 
151.38 
152.65 
153.87 
155.04 
156.17 
157.26 
158.32 
159.34 
160.33 

161.29 
162.23 
163.14 
164.02 
164.89 
165.73 
167.75 
169.67 
171.49 
173.22 

174.88 
176.47 
177.99 
179.45 

C. 
J/mol·K 

26.64 
26.44 
26.25 
26.07 

25.89 
25.71 
25.55 
25.39 
25.23 
25.09 
24.81 
24.56 
24.33 
24.12 

23.93 
23.76 
23.61 
23.47 
23.34 
23.23 

23.13 
23.03 
22.95 
22.87 

22.80 
22.74 
22.69 
22.65 
22.60 
22.57 
22.52 

22.49 
22.47 
22.47 

22.49 
22.53 
22.57 
22.63 
22.69 
22.77 
22.85 
22.94 
23.03 
23.13 

23.23 
23.34 
23.45 
23.56 
23.67 
23.78 
24.06 
24.33 
24.60 
24.86 

25.10 
25.33 
25.55 
25.76 

Cp 

llmol·K 

45.36 
45.09 
44.82 
44.54 

44.26 
43.97 
43.68 
43.39 
43.11 
42.82 
42.26, 
41.72 
41.19 
40.69 

40.21 
39.75 
39.31 
38.89 
38.50 
38.13 

37.77 
37.44 
37.12 
36.82 

36.54 
36.27 
36.02 
35.79 
35.57 
35.36 
31.99 

34.66 
34.37 
34.13 

33.92 
33.75 
33.60 
33.48 
33.39 
33.32 
33.26 
33.22 
33.20 
33.19 

33.19 
33.20 
33.22 
33.25 
33.28 
33.32 
33.44 
33.58 
33.73 
33.88 

34.04 
34.19 
34.34 
34.49 

Velocity 
of sound 

mls 

912. 
898. 
884. 
87l. 

859. 
847. 
836. 
826. 
816. 
807. 
790. 
775. 
762. 
751. 

740. 
732. 
724. 
717. 
712. 
707. 

703. 
699. 
697. 
694. 

692. 
691. 
690. 
689. 
689. 
689. 
689. 

690. 
692. 
695. 

697. 
700. 
704. 
707. 
711. 
714. 
718. 
722. 
726. 
730. 

734. 
739. 
743. 
747. 
751. 
755. 
766. 
777. 
787. 
798. 

809. 
819. 
829. 
840. 



Temper· Density 

ature molll 
kelvin 

78.229 32.37063 
80 32.26154 
82 32.13294 
84 31.99902 
86 31.86019 
88 31.71694 

90 31.50974 

92 31.41905 
94 31.26535 
96 31.10908 
98 30.95065 

100 30.79044 
]02 30.6288] 
104 30.46607 
lOti !l0 .~O?<;O 
108 30.]3834 

110 29.97381 
112 29.80911 
ll4 29.64440 
]]6 29.47981 
118 29.31547 
120 29.15148 
122 28.98794 
124 28.82491 
126 28.66247 
128 28.50066 

130 28.33954 
132 28.17913 
134 28.01949 
136 27.86063 
138 27.70258 
140 27.54537 
142 27.38901 
144 27.23352 
146 27.07892 
148 26.92521 

ISO 26.77241 
155 26.39446 
160 26.02241 
165 25.65636 
170 25.29641 
17 5 24.94263 
180 24.59508 
185 24.25381 
190 23.91883 
]95 23.59015 

200 23.26778 
210 22.64J86 
~:w 44.U407l:! 

230 21.46407 
240 20.91116 
250 20.38135 
260 19.87389 

270 19 .. 38797 

Isotherm 
derivative 
l·bar/mol 

331.56 
319.26 

306.59 
295.08 
284.61 
275.06 

200.35 

258.37 
251.04 
244.29 
238.06 

232.27 
226.88 
221.85 
?17 I? 

212.66 

208,45 
204.45 
200.64 
197.00 
193.52 
190.17 
186.95 
183.85 
180.85 
177.96 

175.16 
172.44 
169.81 
167.26 
164.78 
162.38 
160.05 
157.78 
155.58 
153.44 

151.37 
146.44 
141.85 
137.60 
133.65 
129.99 
126.60 
123.46 
120.56 
117.87 

115.38 
110.95 
J07.n 
103.94 
1OJ.J9 

98.86 
96.90 

9.5.25 
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Thermodynamic, properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

19.99 
20.08 

20.13 
20.13 
20.08 
19.98 

19.85 

19.67 
19.46 
19.23 
18.97 

18.69 
18.40 
18.10 
17,79 

17.48 

17.16 
16.84 
16.52 
16.20 
15.89 
15.57 
15.26 
14.96 
14.66 
14.37 

14.08 
13.80 
13.52 
13'.25 

12.99 
12.73 
12.48 
12.23 
11.99 
11.76 

11.53 
10.98 
10.47 
9.99 
9.54 
9.12 
8.72 
8.35 
8.00 
7.67 

7.37 
6.8J 
6.;:)] 

5.87 
5,48 

5.13 
4.81 

4.53 

Internal Enthalpy 
energy J/mol 
lImo! 

750 bar Isobar 

-3858.3 
-3787.0 
-3706.8 
-1S6U.U 

-3547,4 

-3467.9 

-3388.5 

-3309.2 
-3229.8 
-3150A 

3071.0 

-2991.6 
-2912.3 
-2832.9 
-27S,Lti 
-2674.3 

-2595.1 
-2516.0 
-2437.0 
-2358.2 
-2279.5 
-2200.9 
-2122.6 
-2044A 
-1966.4 
,-1888.6 

-1811.1 
-1733.8 
-1656.7 
-1579.9 
-1503.3 
-1427.0 
-1351.0 
-1275.2 
-1199.6 
-1124.4 

-1049.4 
-863.3 
-678.9 
-496.4 
-315.7 
-136.9 

40.1 
215.2 
388.5 
560.1 

729.8 
1064.2 
l,'lY1.Y 

1713.3 
2028.8 
2338.6 
2643.2 

2942.8 

-1541.4 
-1462.2 

-1372.7 
-14/j;:).1 

-1193.3 
-1103.2 

-1012.8 

-922.1 
-831.0 
-739.6 

647.0 

-555.8 
-463.6 
-371.1 
-27ILS 

-185.8 

-92.9 
0.0 

93.0 
186.0 
278.9 
371.9 
464.7 
557.5 
650.3 
742.9 

835,4 
927.7 

1020.0 
1112.1 
1204.0 
1295.8 
1387,4 
1478.8 
1570.0 
1661.] 

1751.9 
1978.2 
2203.2 
2426.8 
2649.1 
2870.0 
3089.5 
3307.5 
3524.1 
3739.4 

3953.2 
4376.6 
41Y4d 

5207.6 
5615.4 
6018.5 
V417.0 

6811.2 

Entropy 

J/mo!·K 

72.25 
73.25 
74.36 
1!>.44 

76.49 
77.53 

78.:5<1-

79.54 
80.52 
81.48 
B2.43 

83.36 
84.27 
85.17 
RIi.OS 

86.92 

87.77 
88.61 
89.43 
90.24 
91.03 
91.81 
92.58 
93.34 
94.08 
94.81 

95.52 
96.23 
96.92 
97.60 
98.28 
98.94 
99.59 

100.23 
100.85 
101.47 

102.08 
103.57 
105.00 
106.37 
107.70 
108.98 
110.22 
111.41 
112.57 
113.69 

114.77 
116.83 
lIB. 78 

120.61 
122.35 

124.00 
12".::;0 

127.05 

Cv 

J/mo!·K 

35.75 
35.02 
34.26 
33.58 

32.97 
32.42 

31.94 

31.51 
31.12 
30.78 
30.47 

30.19 
29.94 
29.72 
2'LSI 

29.32 

29.15 
28.99 
28.84 
28.70 
28.57 
28.45 
28.33 
28.21 
28.ll 
28.00 

27.90 
27.80 
27.70 
27.61 
27.52 
27.43 
27.34 
27.25 
27.17 
27.08 

27.00 
26.80 
26.60 
26.41 
26.23 
26.05 
25.88 
25.71 
25.55 
25.40 

25.25 
24.97 
24.l'1. 

24.48 
24·.27 
24.08 
23.90 

23.75 

C" 
J/mol·K 

44.76 
44.73 
44.76 
44.84 

44.97 
45.12 

45.29 

45.46 
45.63 
45.79 
15.91 

46.07 
46.18 
46.27 
46.35 
46.40 

46,45 
46.47 
46.49 
46.49 
46.48 
46.45 
46.42 
46.38 
46.33 
46.28 

46.22 
46.15 
46.08 
46.01 
45.93 
45.84 
45.76 
45.67 
45.57 
45.48 

45.38 
45.13 
44.86 
44.59 
44.32 
44.03 
43.75 
43.47 
43.18 
42.90 

42.62 
42.07 
41."<} 

41.03 
40.54 
40.08 

, 39.6,3 

39.21 

Velocity 
of sound 

mls 

1217. 
1207. 
ll96. 
llM. 
1177. 
1169. 

1101. 

1154. 
ll46. 
1139. 
1132. 

1125. 
llIB. 
1110. 
1103. 
1096. 

1089. 
]082. 
1074. 
1067. 
1060. 
1053. 
1046. 
1039. 
1032. 
1025. 

1018. 
1011. 
1004. 
997. 
991. 
984. 
978. 
971. 
965. 
959. 

953. 
938. 
924. 
911. 
898. 
886. 
874. 
863. 
853. 
843. 

834. 
817. 
804. 

789. 
777. 
766. 
757. 

749. 

f. Phys. Chern. Ref. Dato, Vel. 2, No.4, 1973 



870 

Temper. 
ature 

kelvin 

2S0 

290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
4bO 
480 
500 
520 
:)40 

560 
580 

600 

620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 

Density 
molll 

lS.92?7d 

18.47735 

18.05092 
17.64260 
17.25152 
16.87686 
16.51781 
16.17357 
15.84339 
15.52654 
15.22234 
14.93012 

14.64926 
14.11927 
13.62801 
13.17160 
12.74659 
12.34992 
11.97890 
11.63112 

11.30446 
10.99704 

10.70719 

10.43341 
10.17438 

9.92890 
9.69590 
9.47443 
9.26361 
9.06268 
8.87093 
8.68772 

8.51246 
8.10578 
7.73856 
7.40511 
7.10079 
6.82181 
6.56499 
6.32770 
6.10770 

* 79.152 32.46482 
80 32.41472 
82 32.29242 
84 32.16468 
86 32.03193 
88 31.89461 

90 31.75320 
92 31.60816 
94 31.45996 
96 31.30904 
98 31.15582 

100 31.00070 
102 30.84402 

, 

I 
Isotherm 
derivative 
I'barlmol 

91.83 
91.10 
90.54 
90.13 

89.85 
89.68 
89.62 
89.64 
89.75 
89.93 

90.18 
90.83 
91.67 
92.66 
93.77 
94.98 
96.27 
97.63 

99.05 
100.50 

102.00 

103.53 
105.0B 
106.66 
lOR.?S 

109.85 
111.47 
113.10 
114.74 
116.38 

118.03 
122.1B 
126.33 
130.50 
134.67 
138.83 
143.00 
147.16 
151.31 

339.64 
333.70 
320.59 
308.67 
297.80 
287.89 

278.83 
270.53 
262.91 
255.90 
249.43 
243.43 
237.86 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

4.27 

4.04 

3.83 
.~M 

3.47 
3.31 

3.16 
3.02 
2.90 
2.78 
2.68 
2.58 

2.48 
2.32 
2.17 
2.04 
1.92 
1.82 
1.73 
1.04 

1.57 
1.50 

1.44 

1.38 
1.32 
1.27 
1 2R 

1.19 
LIS 
1.11 
l.01l 
1.04 

l.01 
0.9430 
0.8830 
0.8305 
0.7840 
0.7426 
0.7054 
0.6719 
0.6415 

19.86 
19.93 
20.05 
20.11 
20.12 
20.07 

19.98 
19.84 
19.67 
19.47 
19.24 
18.98 
18.71 

Internal I. 

energy I 
J/mo) i 
3237.S 

3528.4 

3815.0 
4O<l7fl 

4377.1 
4653.1 

4926.1 
5196.2 
5463.7 
5728.8 
5991.5 
6252.2 

6510.9 
7023.1 
7529.2 
8030.1 
8526.7 
9019.8 
9510.0 
9997.9 

10484.2 
10969.1 

114-53.2 

11936.9 
12420.4 
12904.0 
lRRSS.O 

13872.6 
14358.0 
14844.3 
15331.6 
15820.2 

16310.0 
17540.5 
18780.2 
20029.6 
21288.7 
22557.6 
23835.9 
25123.3 
26419.6 

Enthalpy 
J/mol 

7201.3 

7587.4 

7969.9 
R.~<I$! Q 

8724.6 
9097.1 
9466.7 
9833.4 

10197.6 
10559.2 
10918.5 
Il275.6 

11630.7 
12335.0 
13032.6 
13724.2 
14410.6 
15092.7 
15771.0 
16440.2 

17Jl8.7 
17789.1 

10457.9 

19125.3 
19791.8 
20457.7 
21123.3 

21788.7 
22454.2 
23120.0 
23786.2 
24453.1 

25120.6 
26793.2 
28472.0 
30157.7 
31850.9 
33551. 7 
35260.1 
36976.0 
38699.2 

800 bar Isobar 

-3832.6 -1368.4 
-3799.0 -1331.0 
-3720.2 -1242.8 
-3641.7 -1154.5 
-3563.4 -1065.9 
-3485.3 -977.0 

-3407.1 -887.7 
-3329.0 -798.0 
-3250.9 -707.9 
-3172.7 -617.5 
-3094.4 -526.6 
-3016.1 -435.5 
-2937.7 -344.0 

Entropy 
J/mol·K 

129.17 

]29.82 

1.31.12 
n? 36 

133.55 
134.70 
135.80 
136.87 
137.89 
138.88 
139.84 
140.77 

141.67 
143.39 
145.01 
)46.54 
148.01 
149.40 
150.73 
J52.oo 

153.23 
154.40 

156.63 
157.69 
158.71 
159.71 

160.67 
161.61 
162.52 
163.41 
164.27 

165.12 
167.15 
169.07 
170.89 
172.63 
174.29 
175.87 
177.40 
178.87 

72.49 
72.96 
74.05 
75.11 
76.15 
77.18 

78.18 
79.16 
80.13 
81.09 
82.02 
82.94 
83.85 

C. 
J/mol·K 

23.60 

23.47 

23.35 
23.24-

23.15 
23.06 
22.98 
22.91 
22.84 
22.79 
22.74 

22.69 

22.66 
22.60 
22.56 
22.55 
22.54 
22.56 
22.59 
:l:l.b3 

22.68 
22.75 

22.82 

22.90 
22.99 
23.08 
23.19 

23.28 
23.38 
23.49 
23.60 
23.71 

23.82 
24.10 
24.37 
24.63 
24.89 
25.13 
25.36 
25.58 
25.78 

35.37 
35.02 
34.26 
33.58 
32.98 
32.44 

31.96 
31.54 
3l.l6 
30.83 
30.53 
30.26 
30.01 

C. 
J/mol·K 

38.S1 

38.43 

38.07 
37.73 

37.41 
37.10 
36.81 
36.54 
36.29 
36.05 
35.82 

35.60 

35.40 
35.04 
34.72 
34.45 
34.21 
34.00 
33.83 
33.bY 
33.57 
33.48 

33.40 

33.35 
33.31 
33.28 
33.27 

33.27 
33.28 
33.30 
33.33 
33.36 

33.40 
33.51 
33.64 
33.79 
33.94 
34.09 
34.24 
34.39 
34.53 

44.09 
44.08 
44.12 
44.22-
44.37 
44.55 

44.74 
44.94 
45.14 
45.33 
45.50 
45.66 
45.80 

Velocity 
of sound 

mls 

742. 

736. 

731. 
727. 

723. 
720. 
717. 
715. 
713. 
711. 
710. 
710. 

709. 
709. 
710. 
711. 
713. 
715. 
717. 
720. 
723. 
727. 

730. 

734. 
737. 
741. 
715. 

749. 
753. 
757. 
761. 
765. 

769. 
779. 
789. 
799. 
810. 
820. 
830. 
840. 
851. 

1229. 
1225. 
1214. 
1205. 
1196. 
1188. 

1180. 
1173. 
1166. 
1159. 
1152. 
1145. 
1138. 



Temper. 
alme 
kelvin 

lU4 

106 
108 

110 
112 
114 
116 
118 
120 
122 
124 
J26 

128 

130 
132 
134 
136 
138 
1'~0 

142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
lRS 

190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 

330 
340 
350 
360 

370 
:180 
390 

400 
420 
440 
460 
480 

Density 

mol/l 

30.680]3 

30.52730 
30.36780 

30.20786 
30.04768 
29.88743 
29.72726 
29.56730 
29.40767 
29.24846 
29.08974 
29.93J59 

28.77407 

28.61723 
28.46110 
28.30573 
28.15114 
27.99736 
27.84441 
27.69231 
27.54108 
27.39073 
27.24127 

27.09271 
26.72531 
26.36371 
26.00799 

25.65822 
25.31444 
24.97667 
74. 64<19<1. 

24.31924 
23.99957 

23.68591 
23.07650 
22.49063 
21.92783 
21.38750 
20.86897 
20.37150 
19.89434 
19.43669 
18.99777 

18.57677 
18.17290 
17.78:;38 

17.41346 
17.05640 
16.71347 
16.39399 

16.06730 
15.76276 
15.46977 

15.18774 
14.65445 
14.15883 
13.69725 
13.26647 
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Thermodynamic properties of nitrogen-Continued 

Isotherm I Isoehore 
derivative derivative 

l·bar/mol i bar·K 

232.66 

227.78 
223.20 

218.88 
214.79 
210.89 
207.18 
203.64 
200.24 
196.97 
193.82 
]90.79 

187.86 

185.02 
182.27 
179.61 
177.03 
174.53 
172.09 
169.73 
167.43 
165.20 
163.03 

160.92 
155.90 
151.22 
146.1l7 

142.82 
139.05 
135.55 
H2.30 

129.28 
126.47 

123.87 
119.22 
115.22 
111.78 
J08.83 
i06.31 
104.16 
102.33 
100.79 
99.49 

98A2 
97.55 
96.S:; 

96.31 
95.90 
95.61 
95,,13 

95.35 
95.36 
95.44 

95.60 
96.09 
96.78 
97.64 
98.63 

18.43 
18.13 
17.83 

17.52 
17.21 
16.90 
16.58 

16.27 
15.96 
15.66 
15.35 
15.06 

14.76 

14.48 
14.20 
13.92 
13.65 
13.38 
13.12 
12.87 
12.62 
12.38 
12.15 

11.92 
11.37 
10.85 
10.36 

9.9) 
9.48 
9.08 
S 71) 

8.34 
8.01 

7.70 
7.12 
6.62 
6.16 
5.76 
SAO 
5.07 
4.78 
4.52 
4.28 

4.06 
3.86 
3.68 

3.51 
3.36 
3.21 
3.08 

2.96 
2.85 
2.74 

2.65 
2.47 
2.31 
2.18 
2.05 

Internal 
energy 
J/mo] 

-2859.4 

-2781.0 
-2702.7 

-2624A 
-2546.1 
-2468.0 
-2390.0 
-2312.1 
-2234.3 
-2156.7 
-2079.3 
-2002.0 

-1925.0 

-1848.1 
-1771.5 
-1695.1 
-1619.0 
-1543.0 
-1467.4 
-1391.9 
-1316.8 
-1241.9 
-1167.2 

-1092.9 
-908.2 
-725.2 

&44.1 

-364.7 
-187.1 
-11.3 
l('? 7 

335.0 
505.5 

674.3 
1007.0 
1333.2 
1653.3 
1967.7 
2276.7 
2580.5 
2879.6 
3174.1 
3464.5 

3751.0 
4033.8 
43J.3.2 

4589.4 
4862.6 
5133.1 
5<101.0 

5666.5 
5929.7 
6191.0 

6450.3 
6963.7 
7471. I 
7973.5 
8471.5 

Enthalpy 

J/mol 

-252.3 

-160.4 
-68.3 

24.0 
116.3 
208.7 
301.2 
393.6 
486.1 
578.5 
670.8 
76'1.1 

855.3 

947.4 
1039.3 
1131.2 
1222.9 
1314.4 
1405.8 
1497.0 
1588.0 
1678.8 
1769.5 

1859.9 
2085.2 
2309.2 
2531.9 

2753.2 
2973.2 
3191.7 
.qtl.llR R 

3624.6 
3838.9 

4051.9 
4473.7 
4890.2 
5301. 7 
5708.2 
6110.1 
6507.6 
6900.8 
7290.1 
7675.5 

8057.4 
8435.9 
00]1.2 

9183.5 
9552.9 
9919.6 

10293.9 

10645.5 
11005.0 
11362.3 

11717.7 
12422.8 
13121.3 
13814.1 
14501.8 

Entropy 

J/moJ·K 

84.74 
85.61 
86.48 

87.32 
88.15 
88.97 
89.78 
90.57 
91.34 
92.11 
92.86 
Q.~ IiO 

94.32 

95.04 
95.74 
96.43 
97.11 
97.77 
98.43 
99.08 
99.72 

100.34 
100.96 

101.57 
103.04 
104.47 
105.04 

107.16 
108.43 
109.66 
111) RS 

112.00 
113.12 

114.20 
116.25 
118.19 
120.02 
121.75 
123.39 
124.95 
126.44 
127.85 
129.20 

130.50 
131.74 
132.93 

134.08 
135.18 
136.24 
137.27 

138.26 
139.22 
140.15 

141.05 
142.77 
144.39 
145.93 
147.39 

Cv 

J/mo)·K 

29.79 

29.59 
29.41 

29.24 
29.09 
28.94 
28.81 
28.68 
28.56 
28.44 
28.33 
2R2c>. 

28.13 

28.03 
27.93 
27.84 
27.75 
27.66 
27.57 
27.48 
27.40 
27.31 
27.23 

27.15 
26.95 
26.76 
26.57 

26.39 
26.21 
26.04 
?S S7 

25.71 
25.56 

25.41 
25.13 
24.87 
24.63 
24.42 
24.22 
24.04 
23.88 
23.73 
23.59 

23.47 
23.36 
23.26 

23.17 
23.08 
23.01 
22.94 

22.88 
22.83 
22.78 

22.74 
22.68 
22.64 
22.62 
22.61 

C,. 
J/mo]·K 

'~5.91 

46.01 
46.09 

46.15 
46.19 
46.22 
46.23 
46.2'3 

46.22 
46.19 
46.16 
46.12 
46.07 

46.01 
45.95 
45.88 
45.80 
45.73 
45.64 
45.56 
45.47 
45.38 
45.28 

45.18 
44.93 
44.67 
44.40 

44.13 
43.85 
43.57 
d3 ':'9 

43.01 
42.7.) 

42.45 
41.92 
41.39 
40.90 
40.42 
39.96 
39.53 
39.12 
38.73 
38.37 

38.02 
37.69 
37.38 

37.08 
36.80 
36.54 
36.29 

36.06 
35.84 
35.63 

35.44 
35.08 
34.77 
34.50 
34.27 

Velocity 
of sound 

mi. 

1131. 

1124. 
1117. 

Ill0. 
1103. 
1096. 
1089. 
1082. 
1076. 
1069. 
1062. 
1055. 
1048. 

1041. 
1035. 
1028. 
1021. 
lOIS. 
100B. 
1002. 
996. 
990. 
984. 

978. 
963. 
949. 
936. 

923. 
911. 
900. 
R8Q 

879. 
869. 

860. 
843. 
827. 
814. 
802. 
791. 
782. 
774. 
766. 
760. 

754. 
750. 
74::;. 

742. 
739. 
736. 
734. 

732. 
731. 
730. 

729. 
728. 
728. 
729. 
730. 
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872 

Tcmper-

ature 
kelvin 

500 

520 
540 
560 
580 

600 
620 
MO 
660 
680 
700 
720 
740 
760 
780 

800 

850 
900 
950 

1000 
1050 
1100 
]]50 
1200 

Dcn~ity 

mol/1 

12J~6361 

12.48609 
12.13162 
11.79816 
11.48388 

11.18718 
10.90658 
10.M080 
10.38866 
10.14911 
9.92120 
9.70408 
9.49698 
9.29919 
9.]]007 

8.92905 

8.50855 
8.12834 
7.78268 
7.46688 
7.17709 
0.9J009 
6.66319 
6.43412 

• 80.067 32.55759 
82 32.44505 
84 32.32318 
B6 32.19619 
88 32.06452 

90 31.92861 
9Z 31.78894 

94 31.64596 
96 31.50012 
98 31.35184 

100 31.20153 
102 31.04954 
104 30.89621 
106 30.74184 
108 30.58671 

110 30.43106 
112 30.27508 
114 30.11898 
116 29.96290 
lJ8 29.80699 
120 29.65136 
122 29.49612 
124 29.34136 
126 29.18714 
128 29.03353 

130 28.88059 
132 28.72835 
134 28.57686 
136 28.42614 
138 28.27623 

R. T. JACOBSEN AND R. B. STEWART 

Thermodynamic properties of nitrogen-Continued 

"~hum \'_h= \ derivative derivative I 
l·bar/mol bar·K I 

99.74 
100.94 
102.21 
103.55 
104.94 

106.3B 
107.B5 
109.36 
110.88 
112.44 
114.01 
115.59 
117.19 
118.80 
120.42 

l22.04 

126.13 
130.25 
134.38 
138.51 
142.66 
146.80 
150.93 
J55.07 

347.78 
334.71 
.322.36 
311.09 
300.79 

291.37 
282.74 

274.82 
267.53 
260.81 
254.58 
248.81 
243.43 
238.40 
233.68 

229.23 
225.03 
221.05 
217.26 
213.64 
210.18 
206.86 
203.66 
200.59 
197.62 

194.75 
191.97 
189.27 
186.66 
184.13 

L<l4 

1.85 
1.76 
1.68 
1.60 

1.53 
1.47 
1.41 
1.36 
1.31 
1.27 
1.23 
1.19 
1.15 
1.11 

1.U8 

1.0J 
0.9432 
0.8870 
0.8372 
0.7929 
0.7532 
0.7173 
0.6849 

19.76 
19.94 
20.07 
20.13 
20.13 

20.09 
19.99 

19.85 
19.68 
19.48 
19.25 
19.00 
18.73 
18.45 
18.16 

17.86 
17.56 
17.25 
16.95 
16.64 
16.34 
16.03 
15.73 
15.44 
15.15 

14.86 
14.58 
14.30 
14.03 
13.76 

Intcnuu 

energy 
J/mol 

R%61 
9457.7 
9947.2 

10434.8 
10921.2 

11406.8 
11891.8 
12376.7 
12861.6 
13346.9 
13832.8 
14319.4 
14806.9 
15295.4 
15785.0 

16:n~.9 

17509.1 
18751.3 
20002.9 
21264.2 
22535.0 
23815.2 
25104.4 
26402.3 

Enthalpy 

J/mol 

151852 
15864.9 
16541.5 
l7215.6 
17887.5 

18557.8 
19226.8 
19B94.9 
20562.3 
21229.4 
21896.3 
22563.3 
23230.6 
23898.3 
24566.5 

2;'2<1;'.;' 

26911.4 
28593.4 
30282.2 
31978.2 
33681.6 
35392.5 
37110.7 
38836.0 

850 bar Isobar 

-3807.0 
-3732.1 
-3654.9 
-3577.9 
-3501.0 

-3424.1 
-.3.347.2 

-3270.2 
-3193.1 
-3115.9 
-3038.6 
-2961.3 
-2883.9 
-2806.5 
-2729.0 

-2651.6 
-2574.2 
-2496.9 
-2419.6 
-2342.4 
-2265.4 
-2188.5 
-2111.8 
-2035.2 
-1958.8 

-1882.6 
-1806.6 
-1730.8 
-1655.3 
-1580.0 

-1196 .. 3 
-1112.3 
-1025.2 

-937.8 
-850.0 

-761.9 
-0'1.3 . .3 

-584.2 
-494.7 
-404.7 
-314.4 
-223.7 
-132.8 
-41.5 

50.0 

141.6 
233.4 
325.3 
417.2 
509.2 
601.2 
693.2 
785.2 
877.0 
96B.8 

1060.5 
1152.1 
1243.6 
1334.9 
1426.1 

Entropy 

J/mol·K 

14R7<l 
150.12 
151.40 
152.63 
153.80 

154.94 
156.04 
157.10 
158.12 
159.12 
160.09 
161.03 
161.94 
162.83 
163.70 

104.;';' 

166.58 
168.50 
170.33 
172.07 
173.73 
175.32 
176.85 
178.32 

72.72 
73.76 
74.81 
75.83 
76.84 

77.83 
IB.Ill 

79.76 
80.71 
8J.63 
82.55 
83.44 
84.33 
85.20 
86.05 

86.89 
87.72 
88.53 
89.33 
90.12 
90.89 
91.65 
92.40 
93.13 
93.86 

94.57 
95.27 
95.95 
96.63 
97.30 
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C. 

J/mol·K 

22.63 
22.65 
22.69 
22.74 
22.80 

22.87 
22.95 
23.04 
23.13 
23.22 
23.32 
23.43 
23.53 
23.64 
23.75 

2<1.86 

24.13 
24.40 
24.67 
24.92 
25.16 
25.39 
25.61 
25.81 

34.97 
34.24 
33.57 
32.97 
32.44 

31.97 
Jl.;';' 

31.19 
30.86 
30.57 
30.31 
30.07 
29.86 
29.67 
29.49 

29.33 
29.18 
29.04 
28.91 
28.78 
28.67 
28.56 
2B.45 
28.35 
2B.25 

2B.15 
28.06 
27.97 
27.88 
27.79 

C,. 
J/mol·K 

34.07 
33.90 
33.76 
33.65 
33.55 

33.48 
33.42 
33.39 
33.36 
33.35 
33.35 
33.36 
33.37 
33.40 
33.43 

JJ.41 

33.58 
33.71 
33.85 
33.99 
34.14 
34.29 
34.44 
34.58 

43.45 
43.50 
43.61 
43.77 
43.97 

44.19 
44.42 

44.65 
44.87 
45.07 
45.25 
45.42 
45.56 
45.68 
45.78 

45.86 
45.92 
45.96 
45.99 
46.00 
46.00 
45.98 
45.96 
45.92 
45.88 

45.82 
45.76 
45.70 
45.63 
45.55 

Velocity 

of sound 
m/s 

732. 
734. 
737. 
740. 
742. 

746. 
749. 
752. 
756. 
759. 
763. 
766. 
770. 
774. 
778. 

IB2. 

792. 
801. 
811. 
821. 
831. 
841. 
851. 
861. 

1242. 
1232. 
1223. 
1214. 
1206. 

1199. 
1192. 

1185. 
1178. 
1172. 
ll65. 
115B. 
ll52. 
1145. 
1138. 

1131. 
1124. 
1l1R. 

1111. 
1104. 
1097. 
1090. 
1084. 
1077. 
1070. 

1064. 
1057. 
1051. 
1044. 
1038. 



Temper· 
ature 
kelvin 

}40 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 

210 
220 
230 

240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
3':10 

400 
420 
440 
460 
480 
500 
520 

540 
560 
580 

600 
620 
M() 

660 
680 
700 
720 
740 
760 
780 

800 
850 

900 

Density 
mo)/) 

28.12714 
27.97890 
27.83152 
27.68501 
27.53938 

27.39464 
27.03676 
26.68460 
26.33821 
25.99763 
25.66288 
25.33396 
25.01087 
24.69359 
24.38211 

24.07638 
23.48204 
22.91014 
22.36017 

21.83152 
21.32355 
20.83553 
20.36675 
19.91647 
19.48393 

]9.06839 
18.66913 
18.28542 
17.91657 
li.56189 
17.22072 
16.89244 
16.57643 
16.27211 
15.':I7llY2 

15.69633 
15.16093 
14.66214 
14.19656 
13.76]]5 
13.35318 
12.97019 

12.6100] 
12.27067 
11.95041 

11.64767 
11.36103 
11.08922 
10.83110 
10.58564 
10.35190 
10.12904 
9.91630 
9.71297 
9.51843 

9.33210 
8.696ll:t 

8.50653 

Isotherm 
derivative 
l·bar/mol 

181.66 
179.27 
176.95 
174.68 
172.48 

170.34 
165.24 
160.48 
156.04 
151.89 
148.02 
144.42 
141.06 
137.93 
135.02 

132.31 
127.45 
123.24 
119.61 

116.47 
113.76 
111.43 
109.43 
107.73 
106.28 

105.06 
104.04 
103.21 
102.53 
102.00 
101.60 
101.3] 
]01.13 
101.03 
IULU2 

101.09 
101.42 
101.96 
102.69 
103.57 
104.57 
105.67 

Hl6.86 
108.13 
109.45 

IlO.82 
112.23 
113.69 
115.17 
]]6.68 
118.21 
119.76 
121.32 
122.90 
124.49 

126.09 
13U.1;; 

134.20 
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Isochore 
derivative 

bar·K 

13,50 
13.25 
13.00 
12.76 
12.52 

12.29 
11.73 
11.21 
10.72 
10.26 
9.82 
9.42 
9.03 
8.67 
8,33 

8.01 
7.43 
6.91 
6.45 

6.04 
5.66 
5.33 
5.03 
4.75 
4.51 

4.28 
4.07 
3.88 
3.71 
3.55 
3.40 
3.26 
3.14 
3.02 
2.91 

2.80 
2.62 
2.46 
2.31 
2.18 
2.07 
1.96 

1.87 
1. 78 
1.70 

1.63 
1.57 
1.51 
1.45 
1.40 
1.35 
1.30 
1.26 
1.22 
1.18 

1.15 
1.U7 

1.00 

Internal 

energy 
l/mol 

-1504.9 
-1430.0 
-1355.4 
-1281.1 
-1207.0 

-1I33.2 
-949.8 
-768.1 
':"'588.1 
-409.9 
-233.4 
-58.7 
1I4.3 
285.7 
455.3 

623.2 
954.3 

1279.2 
1598.2 

1911.6 
2219.7 
2522.8 
2821.4 
31I5.5 
3405.6 

3691.9 
3974.6 
4254.1 
4530.4 
4803.8 
5074.5 
5342.7 
5608.6 
5872.3 
"133.9 

6393.7 
6908.3 
7416.8 
7920.4 
8419.7 
8915.5 
9408.5 

9899.2 
10388.2 
10875.9 

11362.7 
11849.0 
12335.1 
12821.3 
13307.8 
13794.8 
14282.5 
14771.1 
15260.7 
15751.4 

16243.4 
l"I'HlS.':I 

18723.4 

Enthalpy 
J/mo) 

1517.1 
1608.0 
1698.7 
1789.2 
1879.5 

1%9.6 
2194.1 
2417.3 
2639.1 
2859.6 
3078.8 
3296.5 
3512.9 
3727.8 
3941.4 

4153.7 
4574.1 
4989.4 
5399.6 

5805.0 
6205.9 
6602.4 
6994.8 
7383.3 
7768.2 

8149.5 
8527.6 
8902.6 
9274.6 
9643.8 

10010.4 
10374.5 
10736.3 
11095.9 
11453.5 

11809.0 
12514.8 
13214.1 
13907.7 
14596.5 
15281.0 
15%2.0 

16639.9 
17315.3 
17988.6 

18660.3 
19330.7 
20000.2 
20669.0 
21337.5 
22005.8 
22674.2 
23342.8 
24011.9 
24681.5 

25351.7 
:UUjU.ll 

28715.8 

Entropy 

J/mo)·K 

97.95 
98.60 
99.23 
99.85 

100.47 

101.07 
102.55 
103.96 
105.33 
106.64 
107.92 
109.14 
110.33 
111.47 
112.58 

113.66 
115.71 
117.64 
119.47 

121.19 
122.83 
124.38 
125.86 
127.28 
128.63 

129.92 
131.16 
132.35 
133.50 
134.60 
135.66 
136.69 
137.68 
138.64 
139.57 

140.47 
142.19 
143.81 
145.36 
146.82 
148.22 
149.55 

150.83 
152.06 
153.24 

154.38 
155.48 
156.54 
157.57 
158.57 
159.54 
160.48 
161.40 
162.29 
163.16 

164.01 
It>tl.U4 

167.97 

, C. 

J/mo)·K 

27.71 
27.62 
27.54 
27.46 
27.38 

27.30 
27.10 
26.91 
26.72 
26.54 
26.36 
26.19 
26.03 
25.87 
25.71 

25.56 
25.28 
25.02 
24.78 

24.56 
24.36 
24.18 
24.01 
23.86 
23.72 

23.59 
23.47 
23.37 
23.27 
23.19 
23.11 
23.04 
22.98 
22.92 
22.87 

22.83 
22.76 
22.71 
22.69 
22.68 
22.69 
22.71 

22.75 
22.80 
22.86 

22.93 
23.00 
23.08 
23.17 
23.27 
23.37 
23.47 
23.57 
23:68 
23.79 

23.89 
24.1" 

24.43 

Cp 

J/mo)·K 

45.47 
45.39 
45.30 
45.21 
45.11 

45.02 
44.77 
44.51 
44.24 
43.96 
43.69 
43.41 
43.13 
42.86 
42.58 

42.31 
41.78 
41.27 
40.78 

40.31 
39,87 
39.44 
39.04 
38.67 
38.31 

37.97 
37.65 
37.35 
37.06 
36.79 
36.53 
36.29 
36.07 
35.85 
35.65 

35.46 
35.12 
34.82 
34.55 
34.33 
34.13 
33.97 

33.83 
33.71 
33.62 

33.55 
33.49 
33.46 
33.43 
33.42 
33.42 
33.42 
33.44 
33.46 
33.49 

33.53 
33.64 

33.76 

Velocity 
of sound 

mls 

1032. 
1025. 
1019. 
1013. 
1007. 

1001. 
987. 
973. 
960. 
948. 
936. 
924. 
914. 
903. 
893. 

884., 
867. 
852. 
838. 

826. 
815. 
806. 
797. 
789. 
783. 

777. 
772. 
767. 
763. 
760. 
757. 
755. 
753. 
751. 
750. 

749. 
747. 
747. 
747. 
748. 
749. 
751. 

753. 
756. 
758. 

761. 
764. 
767. 
770. 
773. 
777. 
780. 
784. 
787. 
791. 

795. 
804. 

814. 

J. Phys. Chem. Ref. Data, Vol. 2, No.4, 1973 



"",~,.~" - -

Temper· 
ature 
kelvin 

950 
1000 
1050 
1100 
1150 
1200 

Density 
mo!/l 

8.14946 
7.82290 
7.52294 
7.24634 
6.99036 
O. 75:!o~ 

• 80.973 32.64890 
82 32.59135 
94 32.47506 

86 32.35356 
88 32.22726 

00 ::l2.00lihO 

92 31.96205 
94 31.82405 
96 31.68306 
98 31.53949 

100 31.39374 
102 31.24620 
104 31.09720 
106 30.94706 
108 30.79604 

110 30.64441 
112 30.49239 
114 30.34016 
116 30.18790 
118 30.03576 
120 29.88385 
122 29.73229 
124 29.58117 
126 29.43057 
128 29.28056 

130 29.13120 
132 28.98252 
134 28.83458 
136 28.68740 
138 28.54102 
140 28.39545 
142 28.25072 
144 28.10683 
146 27.96382 
148 27.82168 

150 27.68042 
155 27.33Jl8 
160 26.98758 
165 26.64966 
170 26.31743 
175 Z5.99089 

180 25.67002 
185 25.35481 
190 25.04522 
195 21.71122 

200 24.44275 
210 23.86224 
220 2.~ .. ~O!l\ll 

Isotherm 
derivative 
I·barlmol 

138.29 
142.39 
146.51 
150.62 
154.74 
1bll.80 

355.96 
348.94 
336.16 

324.48 
313.79 

.,04.00 
295.02 
286.78 
279.20 
272.21 
265.74 
259.75 
254.18 
248.98 
244.10 

239.53 
235.21 
231.12 
227.24 
223.55 
220.02 
2J6.63 
213.39 
210.26 
207.25 

204.34 
201.53 
198.80 
196.16 
193.60 

191.10 
18B.68 

186.33 
184.04 
181.Bl 

179.65 
174.47 
169.64 
165.]] 
160.B7 
150.91 

153.21 
149.76 
146.53 
148.52 

140.71 
135.65 
HJ'14 
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Isochore 
derivative 

bar·K. 

0.9434 
0.8904 
0.8432 
0.8009 
0.7628 
U.I:!Il:i 

19.69 
19.81 
20.00 

20.11 
20.17 

?O 17 

20.11 
20.01 
19.87 
19.70 
19.49 
19.26 
19.02 
18.75 
J8.47 

18.19 
17.89 
17.60 
17.30 
16.99 
16.69 
16.39 
16.10 
15.80 
15.51 

15.23 
14.94 
14.67 
14.40 
14.13 
13.87 
13.61 
13.36 
13.12 
12.88 

12.65 
12.09 
11.56 
11.06 
10.60 
10.H) 

9.75 
9.36 
8.99 
8.65 

8.32 
7.73 
7.20 

Internal 
energy 
Jlmo! 

19977.2 
21240.5 
22513.3 
23795.2 

.25086.1 
2()j8b.o 

I 

I 

Enthalpy 
J/mo! 

30407.4 
32106.1 
33812.0 
35525.3 
37245.7 
jIlY/j.l 

900 bar Isobar 

-3781.7 
-3742.5 
. :)(NG.::; 

-3590.8 
-3515.1 

-.34~Q 4 

-3363.7 
-3287.8 
-3211.8 
-3135.7 
-3059.5 
-2983.1 
-2906.7 
-2830.1 
-2753.5 

-2676.9 
-2600.3 
-2523.8 
-2447.2 
-2370.8 
-2294.S 
-221B.2 
-2142.1 
-2066.2 
-1990.4 

-1914.8 
-lB39.4 
-1764.2 
-1689.2 
- 1614.4 
-1539.B 
-1465.5 
- 1391.4 
-1317.6 
-1244.0 

-1170.7 
-98B.5 

-807.9 
-629.1 
-451.9 
-2715.4 

-102.6 
69.5 

240.0 
40B.S 

576.0 
905.7 

1229.4 

-1025.1 
-981.1 
-09.J.2 
-809.0 
-722.4 

-6~54 

-547.8 
-459.8 
-371.2 
-282.2 
-192.7 
-102.B 
-12.5 

78.1 
168.9 

260.0 
351.2 
442.6 
534.1 
625.6 
717.2 
808.$ 
900.3 
991.9 

WB3.3 

]]74.7 
1265.9 
1357.1 
1448.1 
1539.0 
1629.7 
1720.2 
IBlO.6 
1900.8 
1990.9 

2080.7 
2304.5 
2526.9 
2748.1 
2967.9 
.3186.4 

3403.4 
3619.2 
3833.5 
4046.5 

4258.1 
4677.4 
5001.5 

Entropy 
J/mol·K 

169.80 
171.54 
173.20 
174.80 
176.33 
l/1.BU 

72.94 
73A8 
74.!)2 

75.53 
76.52 

7750 

7B.46 
79.41 
80.34 
81.26 
82.17 
83.06 
83.93 
84.BO 
85.64 

86.48 
87.30 
88.11 
88.91 
89.69 
90.46 
91.21 
91.96 
92.69 
93.41 

94.12 
94.82 
95.50 
96.18 
96.84 
97.49 
9B.13 
98.77 
99.39 

100.00 

100.60 
102.07 
103.48 
104.85 
106.16 
107.42 

108.65 
109.$3 
110.97 
112.08 

113.15 
1J5.20 
117.12 

C, 
J/mol·K 

24.70 
24.95 
25.19 
25.42 
25.63 
2::'.1l3 

34.57 
34.19 
33.::;3 

32.94 
32.42 

~L96 

31.55 
31.20 
30.88 
30.60 
30.34 
30.12 
29.91 
29.73 
29.56 

29.40 
29.26 
29.13 
29.00 
28.88 
28.77 
2B.67 
28.56 
28.46 
28.37 

28.28 
28.19 
28.10 
28.01 
27.93 
27.84 
27.76 
27.68 
27.60 
27.52 

27.44 
27.25 
27.06 
26.87 
26.69 
26.52 

26.35 
26.18 
26.02 
25.86 

25.71 
25.43 
25.17 

Cv 

J/mo!·K 

33.90 
34.05 
34.19 
34.34 
34.48 
34.o:! 

42.84 
42.88 
43.00 

43.18 
43.40 

43.65 

43.90 
44.16 
44.41 
44.64 
44.85 
45.04 
45.21 
45.36 
45.48 

45.58 
45.66 
45.72 
45.76 
45.78 
45.79 
45.79 
45.77 
45.74 
45.70 

45.66 
45.6() 
45.54 
45.47 
45.40 
45.32 
45.24 
45.15 
45.06 
44.97 

44.87 
44.62 
44.37 
44.10 
43.83 
4j.:'~ 

43.28 
43.00 
42.73 
42.46 

42.19 
41.67 
41.)6 

Velocity 
of sound 

.m/s 

823. 
833. 
843. 
852. 
862. 
87:1. 

1255. 
1250. 
1241. 

1232. 
1225. 

1217. 

1210. 
1204. 
1197. 
]]91. 
1184. 
1178. 
ll7l. 
1164. 
1158. 

1151. 
1145. 
1138. 
1131. 
]]25. 
lll8. 
1111. 
1105. 
1098. 
1092. 

1085. 
1079. 
1072. 
1066. 
1060. 
1054. 
1048. 
1042. 
1036. 
1030. 

1024. 
1010. 

996. 
983. 
971. 
~bY. 

948. 
9::\7. 
927. 
917. 

908. 
891. 
S75. 



230 
240 
250 

260 

270 
280 

290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 

460 
480 
500 
520 

540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 

780 

800 
850 
900 
950 
000 

1050 
1100 
1150 
1200 

• 8l.87] 

82 
84 

86 
88 

90 
92 
94 

22.76512 
22.24736 
21.74929 

21.27021 

20.80943 
20.36624 

19.93994 

19.52983 
19.13523 
18.75546 
18.38988 
18.03786 
17.69879 
17.37207 
17.05715 
16.75348 
10.40054 

16.17785 
15.64130 
15.14033 

14.67174 
14.23266 

13.82050 
1~.4"?Q4 

13.06790 
12.72348 
12.39801 

12.08996 
11.79796 
11.52078 
11.25729 
11.00649 
10.76747 
10.53939 
10.32150 
10.11310 

9.91358 

9.72235 
9.27723 
8.87370 
8.50597 
8.16931 
7.85979 
7.57412 
7.30955 
7.06373 

32.73873 

32.73178 
32.62081 

32.50454 
32.38337 

32.25773 
32.12808 
31.99485 

127.41 
124.09 
121.20 

118.71 

116.55 
114.68 

113.09 

111.73 
110.57 
109.61 
lOS.S1 

10S.16 
107.64 
107.25 
106.96 
106.77 
100.01 

106.65 
106.81 
107.21 

107.S1 

108.57 
109.46 
110<17 

11 1.57 
112.76 
114.01 

115.32 
116.67 
118.07 
119.50 
120.97 
122.46 
123.97 
125.50 
127.05 

128.61 

130.18 
134.16 
138.18 
142.23 
146.30 
150.38 
154.48 
158.57 
162.67 

364.17 

363.27 
350.07 

337.96 
326.88 

316.71 

307.37 
298.80 
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6.73 
6.30 
5.92 

5.58 

5.27 
4.98 

4.73 

4.49 
4.28 
4.08 
3.90 

3.74 
3.58 
3.44 
3.31 
3.18 
3.01 

2.96 
2.77 
2.60 

2.44 
2.31 
2.19 
? OB 

1.98 
1.89 
1.80 

l. 73 
1.66 
1.59 
1.54 
1.48 
1.43 
1.38 
1.34 
1.30 
1.26 

1.22 
1.14 
1.06 

0.9998 
0.9436 
0.8936 
0.8487 
0.8082 
0.7715 

19.63 

J9.65 

19.90 
20.07 
20.18 

20.23 

20.21 
20.15 

1547.3 
1859.7 
2167.1 

2469.6 

2767.6 
3061.4 

3351.2 

3637.3 
3919.9 
4199.3 

4475.7 
4749.2 
5020.1 
5288.5 
5554.7 
5818.7 
6080.8 

6341.0 
6856.4-
7265.9 

7870.5 
, 8370.9 

8867.9 
Q?6'l1 
9853.9 

10344.1 
10833.0 

11320.9 
11808.4 
12295.6 
12782.9 
13270.5 
13758.5 
14247.3 
14737.0 
15227.6 

15719.3 

16212.2 
17450.1 
18696.7 
19952.6 
21217 .8 
22492.3 
23776.0 
25068.4-
26369.4 

5500.7 
5905.1 
6305.1 
6700.9 

7092.6 
7480.4 

7864. i 

8245.6 
8623.3 

8997.9 
9369.7 

9738.7 
10105.2 
10469.3 
10831.] 

11190.7 
11548.4 

11904.1 
12610.4 
13310.3 

14004.8 
14694.4 

15380.0 
10062.0 
16741.1 
17417.6 
18092.2 

18765.1 
19436.8 
20107.6 
20777. 7 
21447.4 
22117.1 
22786.7 
23456.6 
24126.9 

24797.7 

25469.2 
27151.2 
28839.0 
30533.4 
32234.6 
33943.0 
35658.5 
3738!.1 
39110.6 

950 bar Isobar 

-3756.5 -854.7 
-3751. 7 -849.3 

-3676.9 -764.6 
-3602.3 -679.6 
-3527.8 -594.2 

-3453.3 -508.3 

-3378.7 -421.8 
-3304.0 -334.8 

118.94 
120.66 
122.30 

123.85 

125.33 
126.74 

128.09 

129.38 
130.62 

131.80 
132.95 

134.05 
135.11 
136.14 
137.13 

138.09 
139.02 

139.92 
141.64 
113.27 

144.81 

146.28 
147.68 
149.02 
150.30 
151.53 
152.71 

153.85 
154.95 
156.02 
157.05 
158.05 
159.02 
159.96 
160.88 
161. 78 

162.65 

163.50 
165.54 
167.47 
169.30 
171.04 
172.71 
174.31 
175.84 
177.31 

73.16 
73.22 

74.24 
75.24· 
76.22 

77.19 

78.14 
'/Y.U? 

24.93 
24.70 
24.50 

24.31 
24.14 
23.98 

23.84 

23.71 
23.59 

23.48 
23.38 

23.29 
23.21 
23.13 
23.07 
23.01 
22.96 

22.91 
22.84 
22.79 

22.76 

22.75 
22.75 
22.77 
22.81 
22.85 
22.91 

22.98 
23.05 
23.13 
23.22 
23.31 
23.41 
23.51 
23.61 
23.72 

23.82 

23.93 
24.20 
24.47 
24.73 
24.98 
25.21 
25.44 
25.65 
25.86 

34.17 
34.13 

33.47 
32.89 
32.38 

31.93 
3J.54 
31.19 

40.68 
40.22 

39.78 
39.37 

38.98 
38.61 

38.25 

37.92 
37.61 

37.32 
37.04 

36.77 
::l6.b::l 

36.29 
36.07 
35.86 
3:3.07 

35.48 
35.15 
31.85 

34.60 

34.38 
34.18 
34.02 
33.89 
33.77 
33.68 

33.61 
33.56 
33.52 
33.49 
33.48 
33.48 
33.49 
33.50 
33.53 

33.56 

33.59 
33.70 
33.82 
33.95 
34.10 
34.24 
34.38 
34.52 
,34.66 

42.25 
42.26 

42.40 
42.59 
42.83 

43.10 
43.38 
43.67 

862. 
849. 

838. 

828. 

820. 
812. 

805. 

799. 
793. 

789. 
784. 

781. 
n13. 
775. 
773. 

77!. 
709. 

768. 
766. 
765. 

765. 
765. 
766. 
768. 
769. 

771. 
774. 

776. 
779. 
782. 
784. 
788. 
791. 
794. 
797. 
801. 

804. 

808. 
817. 
826. 
835. 
844. 
854. 
863. 
an. 
882. 

1268. 

1267. 

1258. 
1250. 
1242. 

1235. 

1229. 
1222. 
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876 

Temper· 
ature 
kelvin 

96 
98 

100 
102 
104 
106 
108 

lIO 
112 
114 
116 
118 
120 
122 
124 
126 
128 

130 
132 
134 
136 

138 
140 
142 
144 

146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 

340 
350 
360 
370 

380 
390 

400 

I 
t 

Density 
mol/I 

31.85849 
31.71942 
31.57805 
31.43475 
31.28987 
31.14374 
30.99663 

30.84882 
30.70052 
30.55194 
30.40327 
30.25464 
30.10621 
29.95808 
29.81035 
29.66311 
29.51643 

29.37037 
29.22498 
29.08031 
20.93630 

28.79324 
28.65089 
28.50938 
29.361370 

28.22888 
28.08993 

27.95185 
27.61051 
27.27473 
26.94454 
26.61994 
26.30090 
25.98740 
25.67940 
25.37686 
25.07972 

24.78794 
24.22017 
23.67306 
23.14601 
22.63842 
22.14964 
21.67901 
21.22585 
20.78948 
20.36924 

19.96447 
19.57452 
19.19876 
18.83658 

18.48740 
18.15064 
17.82575 
17.51222 
17.20954 
16.9J 72J 

16.63479 

Isotherm 
derivative 
l·har/mol 

290.91 
283.64 
276.92 
270.70 
264.92 
259.53 
254.50 

249.77 
245.33 
241.13 
237.15 
233.37 
229.76 
226.31 
223.01 
219.83 
216.77 

213.82 
210.97 
208.21 
205.53 

202.94 
200.42 
197.97 
19&.&9 

193.28 
191.02 

188.83 
183.59 
178.68 . 

174.08 
169.76 
165.72 
161.94 
158.39 
155.07 
151.97 

149.06 
143.81 
139.21 
135.20 
131.70 
128.65 
125.98 
123.67 
121.66 
119.92 

118.42 
117.13 
116.04 
llS.I:! 

]]4.36 
113.73 
113.23 
112.84 
112.56 
112.36 

1l2.26 
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Isochore 
derivative 

har'K 

20.04 
19.90 
19.72 
19.51 
19.28 
19.03 
18.77 

18.49 
18.21 
17.92 
17.63 

17.33 
17.04 
16.74 
16.45 
16.15 
15.87 

15.58 
15.30 
15.02 
14.15 

14.48 
14.22 
13.97 
13.72 

13.47 
13.23 

13.00 
12.43 
11.90 
11.40 
1003 

10.48 
10.06 

9.67 
9.30 
8.95 

8.62 
8.02 
7.48 
6.99 
6.56 
6.17 
5.82 
5.50 
5.21 
4.95 

4.70 
4.48 
4.28 
4.09 
3.92 
3.76 
3.61 
3.48 
3.35 
3.23 

3.12 

Internal 
energy 
J/mol 

-3229.1 
-3154.0 
-3078.7 
-3003.3 
-2927.8 
-2852.1 
-2776.4 

-2700.6 
-2624.7 
-2548.9 
-2473.1 
-2397.3 
-2321.6 
-2246.0 
-2170.5 
-2095.2 
-2020.0 

-1944.9 
-1870.1 
-1795.4 
-1/2U.!1 

-1646.6 
-1572.6 
-1498.7 
-1425.1 

-1351.7 
-1278.6 

-1205.7 
-1024.6 
-845.1 
-667.2 
-490.9 

-316.3 
143.4 
27.9 

197.6 
365.7 

532.2 
860.6 

1183.2 
1500.1 
1811. 7 
2118.3 
2420.3 
2717.8 
3011.2 
3300.7 

3586.6 
3869.1 
4148.4 
4424.8 
4698.4 
4969.4 
5238.1 
5504.4 
5768.7 
6031.1 

6291.6 

Enthalpy 
J/mo) 

-247.1 
-159.0 
-70.3 

18.8 
108.3 
198.3 
288.5 

379.0 
469.7 
560.6 
651.6 

742.7 
833.9 
925.1 

1016.3 
1107.5 
1198.6 

1289.6 
1380.6 
1471.4 
1562.2 
1652.8 
1743.2 
1833.5 
1923.7 

2013.6 
2103.4 

2]93.0 
2416.1 
2638.0 
2858.6 
3077.0 

3295.7 
3512.2 
3727.4 
3941.2 

4153.6 

4364.7 
4783.0 
5196.2 
5604.5 
6008.1 
6407.3 
6802.4 
7193.5 
7580.8 
7964.6 

8345.0 
8722.3 
9096.7 
9468.2 
9837.0 

10203.4 
10567.4 
10929.2 
11288.9 
11646.7 

12002.5 

Entropy 
J/mol·K 

80.00 
80.91 
81.80 
82.68 
83.55 
84.41 
85.25 

86.08 
86.90 
87.70 
88.50 
89.28 
90.04 
90.80 
91.54 
92.27 
92.98 

93.69 
94.38 
95.07 
95.74 
96.40 
97.05 
97.69 
!11:!.1I2 

98.94 
99.55 

100.15 
101.62 
103.03 
104.38 
IOJ.69 

106.96 
108.18 
109.36 
110.50 

111.60 

112.67 
114.71 
116.63 
118.45 
120.16 
121.79 
123.34 
124.82 
126.23 
127.57 

128.86 
130.10 
131.29 
132.43 
133.53 
134.60 
135.62 
136.61 
137.57 
138.50 

139.40 

C. 
J/mol·K 

30.89 
30.61 
30.37 
30.16 
29.96 
2Q 7R 

29.62 

29.48 
29 .. ~4 
29.21 
29.09 

28.98 
28.87 
28.77 
28.67 
28.58 
28.48 

28.39 
28.31 
28.22 
28.14 
28.06 
27.97 
27.89 
27.81 
27.73 
27.66 

27.58 
27.39 
27.20 
27.02 
26.84 

26.67 
26.50 
26.33 
26.17 

26.01 

25.86 
25.58 
25.31 
25.07 
24.84 
24.63 
24.44 
24.26 
24.10 
23.95 

23.82 
23.70 
23.58 
23.48 
23.39 
23.30 
23.22 
23.16 
23.09 
23.04 

22.99 

Cp 

J/mo!·K 

43.95 
44.21 
44.45 
44.67 
44.87 
45.134 

45.18 

45.30 
·45.40 

45.48 
45.54 
45.58 

45.60 
45.60 
45.60 
45.58 
45.54 

45.50 
45.45 
45.40 
45.33 
45.26 
45.19 
45.11 
45.02 
44.94 
44.84 

44.75 
44.50 
44.25 
43.98 
43.11 

43.44 
43.17 
42.89 
42.62 

42.35 

42.09 
41.57 
41.07 
40.59 
40.14 
39.71 
39.30 
38.92 
38.55 
3R.?1 

37.88 
37.58 
37.29 
37.02 
36.76 
36.52 
36.29 
36.07 
35.87 
35.68 

35.50 

Velocity 
of sound 

mls 

1216. 
1209. 
1203. 
1196. 
1190. 
1181. 

1177. 

1]71. 
11M. 

1IS8. 
1151. 
1145. 

1138. 
1132. 
1125. 
1119. 
111? 

1106. 
1I00. 
1093. 
1087. 
1081. 
1075. 
1069. 
1063. 
1057. 
1052. 

1046. 
1032. 
1019. 
]006. 
993. 
982. 
970. 
960. 
9513. 

940. 

931. 
913. 
898. 
884. 
872. 
860. 
850. 
841. 
833. 
926. 

820. 
814. 
ROI) 

805. 
801. 
798. 
795. 
792. 
790. 
788. 

787. 



Temper· 
ature 

kelvin 

420 
440 
460 
480 
500 
520 

540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 

760 
780 

800 
850 
900 
950 

1000 
1050 
1100 

1150 
1200 

Density 
mol/l 

16.09789 
15.59554 
15.12475 
14.68281 
14.26727 
13.87591 

13.50675 
13.15797 
12.82796 

12.51524 
12.21849 
11.93651 
11.66821 
11.41260 
11.16879 
10.93.596 
10.71336 

10.50032 
10.29621 

10.10047 
9.64439 
9.23039 
8.85270 
8.50656 
8.18803 
7.89381 
7.62110 
7.36754 

" 82.762 32.82707 
84 32.76086 
86 32.64959 
88 32.53333 

90 32.41251 
92 32.28754 
94 32.15889 
96 32.02698 
98 31.89223 

100 31. 75505 
J02 31.61581 
104 31.47488 
106 31.33258 
108 31.18920 

110 31.0450] 
112 30.90025 
]]4 30.75513 
J 16 30.60984 
118 30.46454 
120 30.31937 
122 30.17445 
124 30.02990 
126 29.88579 
J28 29.74221 

130 29.59922 
132 29.45688 

Isotherm 
derivative 
I'har/mol 

112.26 
112.52 
112.98 
113.62 
114.41 
115.32 

116.34 
117.44 

118.62 

119.86 
121.16 
122.50 
123.89 
125.30 
126.75 
128.22 
129.72 

131.23 
132.77 

1.~4 .. ~1 

138.23 
142.20 
146.20 
150.24 
154.29 
158.35 
162.42 
166.50 

372.39 
364.08 
351.56 
340.06 

329.51 
319.81 
310.89 
302.69 
295.12 
288.13 
281.67 
275.66 
270.08 
264.87 

259.99 
255.40 
251.08 
246.99 
243.11 
239.42 
235.90 
232.53 
229.30 
226.19 

223.19 
220.30 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

2.91 
2.73 
2.58 
2.43 
2.31 
2.19 

2.09 
1.99 
1.90 

1.83 
1. 75 
1.68 
1.62 
1.56 
LSI 
1.46 
1.41 

1.37 
1.33 

1.29 

1.20 
1.12 
1.06 

0.9968 
0.9439 
0.8964 
0.8536 
0.8148 

19.59 
19.78 
20.01 
2U.U 

20.26 
20.29 
20.26 
20.19 
20.07 
19.92 
19.74 
19.53 
19.30 
19.05 

18.79 
i8.51 
18.23 
17.9:; 
17.66 
17.37 
17.07 
16.78 
16.49 
16.21 

15.92 
15.64 

: 

Internal 
energy 
llmol 

6807.8 
7318.2 
7823.7 
8325.1 
8823.0 
Y::IH:l.:! 

9811.1 
10302.3 
10792.3 

11281.3 
11769.8 
12258.0 
12746.3 
13234.9 
13724.0 
14213.7 
14704.3 

15195.9 
15688.5 

16182.3 

17422.3 
18671.0 
19928.8 
21195.9 
22472.1 
23757.4 
25051.4 
26.353.8 

Enthalpy 
llmol 

12709.2 
13409.7 
14104.8 
14795.2 
15481.6 
J6J64.6 

16844.7 
17522.3 
18198.0 

18872.0 
19544.9 
20216.8 
20888.1 
21559.0 
22229.8 
22900.7 
23G71.0 

24243.2 
24915.2 

25587.8 

27272.6 
28963.1 
30660.0 
32.'lliil.7 

34074.4 
35792.1 
37516.8 
39248.2 

1000 bar Isobar 

-3731.5 
-3685.9 
-36J2.6 
-::1539.2 

-3'!65.9 
-3392.4 
-3318.7 
-3244.9 
-3170.8 
-3096.5 
-3022.0 
-2947.4 
-2872.6 
-2797.6 

-2722.6 
-2647.5 
-2572.4 
-?4.G7 ? 

-2422.1 
-2347.1 
-2272.1 
-2197.2 
-2122.4 
-2047.7 

-1973.2 
-·1898.8 

-685.2 
-633.5 
-549.7 
-465.5 

-380.6 
-295.2 
-209.2 
-122.5 
-35.2 

52.6 
J40.9 
229.8 
.319.0 
408.6 

498.5 
588.7 
679.! 
769.7 

860.4 
951.2 

1042.0 
1132.9 
1223.7 
1314.5 

1405.3 
1496.0 

Entropy 
J/mol·K 

141.13 
142.76 
144.30 
145.77 
147.17 
148.51 
149.79 
151.03 
152.21 

153 . .35 
154.46 
155.52 
156.56 
157.56 
1058.53 
159.48 
160.40 

161.29 
162.16 

163.01 

165.06 
166.99 
168.82 
17057 

]72.24 
173.84 
]75.37 
176.85 

73.36 
73.98 
74.97 
75.94 

76.89 
77.83 
78.75 
79.67 
80.56 
81.45 
82.33 
83.19 
84.Q4 
84.88 

85.70 
86.51 
87.31 
89.10 

88.88 
89.64 
90.39 
91.13 
91.86 
92.57 

93.27 
93.97 

C. 
J/mol·K 

22.91 
22.86 
22.83 
22.81 
22.81 
22.83 
22.86 
22.91 
22.96 

23.03 
23.10 
23.18 
23.26 
23.36 
23.45 
23.55 
2;3.05 

23.76 
23.86 

23.97 

24.2.'3 
24.50 
24.76 
25.00 

25.24 
25.47 
25.68 
25.88 

33.78 
33.39 
32.82 
32.32 

31.89 
3),51 
31.17 
30.88 
30.62 
30.39 
30.18 
30.00 
29.83 
29.68 

29.54 
29.11 
29.29 
29.18 

29.07 
28.97 
28.87 
28.78 
28.68 
28.60 

28.51 
28.43 

Cp 

J/mol·K 

35.17 
34.88 
34.63 
34.42 
34.23 
34.07 
33.94 
33.83 
33.74 

33.67 
33.62 
33.58 
33.55 
33.54 
33.54 
33.55 
;3'I.~O 

33.58 
33.61 

33.65 

33.75 
33.87 
34.00 
34.14 

3'1.28 
.34.42 
34.56 
34.69 

41.70 
41.80 
42.01 
42.27 

42.56 
42.87 
43.18 
43.48 
43.78 
44.05 
44.30 
44.52 
44.72 
44.89 

45.03 
45.15 
45.25 
45.32 

45.37 
45.41 
45.43 
45.43 
45.42 
45.40 

45.36 
45.32 

Velocity 
of sound 

m/s 

784. 
783. 
782. 
782. 
783. 
784. 
785. 
787. 
789. 

79l. 
793. 

796. 
799. 
801. 
804. 
807. 
all. 
814. 
817. 

020. 

829. 
838. 
847. 
856. 

865. 
874 . 
883. 
893. 

1281. 
1276. 
1267. 
1260. 

1253. 
J246. 
1240. 
1233. 
1227. 
122l. 
1215. 
1208. 
]202. 
]]96. 

1189. 
!l83. 
]]77. 

1170. 

1164. 
1157. 
1151. 
]]45. 
1138. 
1132. 

1126. 
1120. 
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Temper· 
ature 
kelvin 

134 
136 
138 
140 
142 
144 
146 

148 

150 
l!;~ 

160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
2/U 

280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
3110 

390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

Density 
moll! 

29.31523 
29.17432 
29.03416 
28.89480 
28.75625 
28.61853 
29.49165 

28.34562 

28.21046 
27.117637 

27.54777 
27.22467 
26.90707 
26.59492 
26.28820 
25.98684 
25.69078 
25.39998 

25.11436 
24.55840 
24.02234 
23.50559 
23.00752 
22.52749 
22.06485 
21.61894 
21.18912 
20.77475 

20.37519 
19.98983 
19.61808 
19.25937 
18.9J314 

18.57886 
18.25601 
17.94410 
J 7.64265 

17.35121 

17.06936 
16.53273 
16.02968 
15:55738 
15.11327 
14.69502 
14.30053 
13.92789 
13.57537 
13.24142 

12.92461 
12.62366 
12.33740 
12.06478 
11.80484 
11.55668 
11.31952 
11.09263 
10.87532 
10.66700 

R. 1. JACOBSEN AND R. B. STEWART 

Thermodynamic properties of nitrogen-Continued 

Isotherm \ Isochore 
derivative derivative 
l'bar/mol 1 bar·K 

217.50 
214.80 
212.17 
209.62 
207.15 
204.74 
202.40 

200.12 

197.90 
192.60 

187.62 
182.95 
178.57 
174.45 
170.58 
166.95 
163.55 
160.:l!; 

157.36 
151.93 
147.15 
142.97 
139.30 
136.08 
133.26 
130.79 
128.63 
126.76 

125.12 
123.71 
122.50 
121.46 
120.::>/:1 

119.85 
119.25 
118.76 
ll8.39 

118.11 

]]7.91 
117.76 
117.87 
118.21 
118.73 
119.41 
120.23 
121.15 
122.17 
123.28 

124.45 
125.69 
126.98 
128.31 
129.68 
131.08 
132.52 
133.98 
135.46 
136.96 

15.37 
15.09 
14.83 
14.56 
14.31 
14.06 
13.81 

13.57 

13.33 
12.10 

12.23 
lI.72 
11.24 
10.80 
10.37 
9.97 
9.60 
9.2~ 

8.91 
8.29 
7.74 
7.25 
6.81 
6.41 
6.05 
5.73 
5.43 
5.16 

4.91 
4.68 
4.47 
4.28 
4.10 
3.94 
3.78 
3.64 
3.51 

3.38 

3.27 
3.06 
2.87 
2.71 
2.56 
2.42 
2.30 
2.19 
2.10 
? 00 

1.92 
1.84 
1.77 
1. 71 
1.65 
1.59 
1.54 
1.49 
1.44 
1.40 

Interna! 
energy 
J/mo! 

-1824.6 
-1750.6 
-1676.8 
-1603.2 
-1529.8 
-1456.6 
-I38<l.1 

-1311.0 

-1238.5 
-1058.4 

-879.8 
-702.8 
-527.4 
-353.6 
-181.5 
-10.9 
158.1 
325.5 

491.4 
818.7 

1140 ? 

1456.2 
1767.1 
2073.1 
2374.4 
2671.5 
2964.5 
3253.7 

3539.4 
3821.8 
4101.0 
4377.4 
4651.1 
4922.2 
5190.9 
5457.5 
!>n2.0 

5984.6 

6245.4 
6762.2 
7273.3 
7779.6 
8281.8 
8780.7 
9276.8 
9770.6 

10262.8 
10753.7 

11243.6 
11733.1 
12222 .~ 

12711.5 
13201.0 
13691.0 
14181. 7 
14673.2 
15165.6 
15659.1 

Enthalpy 
Jlmol 

1586.6 
1677.1 
1767.4 
1857.6 
1947.7 
2037.6 
2127.3 
2216.9 

2306.3 
2528.9 
2750.3 
2970.3 
3189.1 
3406.5 
3622.5 
3837.2 
4050.5 
4262.5 

4473.2 
4890.6 
5303.0 

5710.5 
6113.5 
6512.1 
6906 . .'> 

7297.1 
7683.9 
8067.3 

8447.4 
8824.3 
9]98.4 
9569.7 
9938.4 

10304.6 
10668.6 
11030.4 
11390.1 
1]747.9 

12103.8 
12810.8 
13511. 7 
14207.4 
14898.5 
15585.7 
16269.5 
16950.5 
17629.1 
1830:;.7 

18980.8 
19654.7 
20327.7 

21000.1 
21672.1 
22344.0 
23016.0 
23688.2 
24360.7 
25033.8 

Entropy 
Jlmo!·K 

94.65 
95.32 
95.98 
96.63 
97.27 
97.89 
98.51 
99.12 

99.72 
101.18 
102.59 
103.94 
105.25 
106.51 
107.73 
108.90 
110.04 
111.14 

112.21 
114.25 
116.16 

117.98 
119.69 
121.32 
122.96 

124.34 
125.75 
127.09 

128.38 
129.62 
130.80 
131.95 
133.05 
134.11 
135.13 
136.12 
137.08 
138.01 

138.91 
140.64 
142.27 
143.82 
145.29 
146.69 
148.03 
149.32 
150.55 
151. 74 

152.88 
153.99 
156.0C, 

156.09 
157.09 
158.07 
159.01 
159.93 
160.83 
161. 70 
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Co 
J/mo!·K 

28.34 
28.26 
28.18 
28.10 
28.02 
27.95 
27.87 
27.79 

27.72 
27.53 
27.35 
27.16 
26.99 
26.81 
26.64 
26.48 
26.32 
2b.16 

26.01 
25.72 
25.45 

25.21 
24.97 
24.76 
.24.57 

24.39 
24.22 
24.07 

23.93 
23.80 
23.69 
23.58 
23.48 
23.39 
23.31 
23.24 
23.18 
23.12 

23.07 
22.99 
22.93 
22.89 
22.88 
22.87 
22.89 
22.92 
22.96 
23.01 

23.07 
23.14 
23.22 

23.31 
23.40 
23.49 
23.59 
23.69 
23.79 
23.90 

C. 
J/moJ.K 

45.27 
45.21 
45.14 
45.07 
44.99 
44.91 
44.83 
44.74 

44.64 
44.40 
44.15 
43.88 
43.6] 
43.34 
43.07 
42.80 
42.53 
42.26 

42.00 
41.49 
40.99 

40.52 
40.07 
39.65 
39.25 

38.87 
38.51 
38.17 

37.85 
37.55 
37.27 
37.00 

36.75 
36.51 
36.28 
36.07 
35.87 
35.69 

35.51 
35.19 
34.91 
34.66 
34.45 
34.27 
34.12 
33.98 
33.88 
33.79 

33.72 
33.67 
33.6j 

33.61 
33.60 
33.59 
33.60 
33.62 
33.64 
33.67 

Velocity 
of sound 

m/s 

1114. 
1107. 
1101. 
1096. 
1090. 
1084. 
1078. 
1072. 

1067. 
1053. 
1040. 
1027. 
1015. 
1003. 
992. 
981. 
971. 
962. 

952. 
935. 
920. 
906. 
893. 
882. 
872. 

863. 
854. 
847. 

841. 
835. 
829. 
925. 

821. 
817. 
814. 
Ill!. 

809. 
807. 

805. 
802. 
800. 
799. 
799. 
799. 
800. 
801. 
802. 
804. 

806. 
808. 
810. 
813. 
815. 
818. 
821. 
824. 
827. 
830. 



Temper· 
ature 

kelvin 

800 
850 
900 
950 

1000 
1050 
lIOO 
1150 
1200 

Density 
mol/I 

10.46709 
10.00087 
9.57712 
9.19010 
8.83506 
8.50805 
8.20574 
7.92533 
7.66443 

* 84.520 32.99938 
86 32.92348 
88 32.81646 

90 32.70468 
92 32.58858 
94 32.46856 
96 32.34505 

98 32.21847 
100 32.08921 
102 31.95766 
10~ .11.B:2417 

106 31.68908 
108 31.55270 

110 31.41531 
112 31.27716 
I 1 ,. 31. 13848 
116 30.9994·7 
118 30.86031 
120 30.72116 
122 30.58215 
124 30.443.39 
126 30.30500 
128 30.16706 

130 30.02964 
132 29.89281 
134 29.75662 
136 29.62112 
138 29.48634 
140 29.35231 
142 29.21906 
144 29.08661 
146 28.95498 
148 28.82418 

150 28.69421 
155 28.37300 
160 28.05715 
16:; 27.74664 

170 27.44146 
175 27.14155 
180 26.84686 
185 26.55730 
J 90 26.27282 
195 25.99332 

200 25.71872 
210 25.18394 

1 

Isotherm 
derivative 
I·bar/mol 

138.47 
142.32 
146.24 
150.20 
154.20 
158.22 
162.25 
166.30 
170.35 

388.87 
379.08 
366.75 

355.40 
344.95 
335.32 
326.44 

318.25 
310.69 
303.70 
207.:22 

291.20 
285.60 

280.37 
275.47 
270.87 
266.54 
262.44 
258.56 
254.87 
251.35 
247.98 
244.76 

241.66 
238.67 
235.79 
233.01 
230.32 
227.71 
225.17 
222.71 
220.32 
217.99 

215.72 
210.30 
205.21 
200.42 

195.90 
191.65 
187.64 
183.86 
180.31 
176.96 

173.80 
168.04 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

1.36 
1.26 
1.18 
1.11 . 

l.05 
0.9941 
0.9441 
0.8990 
0.8581 

19.56 
19.81 
20.07 

20.26 
20.37 
20.43 
20.42 

20.37 
20.27 
20.13 
10.06 

19.77 
19.55 

19.32 
19.07 
18.81 
18.54 
18.26 
17.98 
17.70 
17.42 
17.13 
16.85 

16.57 
16.29 
16.02 
15.75 
15.48 
15.22 
14.96 
14.70 
14.46 
14.21 

13.97 
13.40 
12.85 
12.34 

11.85 
11.39 
10.96 
10.55 
10.17 
9.80 

9.46 
8.83 

Internal 
energy 
J/mol 

16153.7 
17395.8 
18646.4 
19906.0 
21174.7 
22452.6 
23739.4 
25034.9 
26338.7 

Enthalpy 
J/mol 

25707.4 
27394.9 
29087.9 
30787.3 
32493.3 
34206.2 
35926.0 
37652.7 
39386.0 

11 00 bar Isobar 

-3682.1 
-3629.5 
-3558.4 

-3487.2 
-3415.9 
-3344.3 

3272.5 
-3200.4 
-3128.0 
-3055.3 
-20B:2A 

-2909.2 
-2835.9 

-2762.3 
-2688.7 
-·2614.9 
-2541.1 
-2467.2 
-2393.3 
-2319.4 
-2245.6 
-2171.8 
-2098.2 

-2024.6 
-1951.2 
-J877.9 
-1804.8 
-1731.8 
-1659.0 
-1586.5 
-1514.1 
-1441.9 
-1369.9 

-1298.2 
-11l9.8 
-942.9 
-767.·} 

-593.5 
-421.2 
-250.4 

-81.1 
86.7 

252.9 

417.7 
743.0 

-348.7 
-288.4 
-206.4 

-123.8 
-40.5 

43.6 
128.3 

213.8 
299.9 
386.7 
474.1 

562.0 
650.4 

739.1 
828.3 
917.7 

1007.4 
1097.3 
1187.3 
1277.5 
1367.7 
1457.9 
1548.2 

1638.4 
1728.6 
1818.7 
1908.8 
1998.7 
2088.5 
2178.2 
2267.7 
2357.1 
2446.3 

2535.4 
2757.1 
2977. 7 
3197.0 

3415.0 
3631.6 
3846.9 
4060.9 
4273.5 
4484.8 

4694.8 
5]]0.9 

Entropy 
J/rnol·K 

162.56 
164.60 
166.54 
168.38 
170.13 
171.80 
173.40 
174.93 
176.41 

73.75 
74.46 
75.40 

76.33 
77.25 
78.15 
79.04 

79.92 
80.79 
81.65 
112.50 

83 .. 34 
84.16 

84.98 
85.78 
86.57 
87.35 
88.12 
88.88 
89.62 
90.36 
91.08 
91.79 

92.49 
93.18 
93.85 
94.52 
95.18 
95.82 
96.46 
97.09 
97.70 
98.31 

98.91 
100.36 
101.76 
103. II 

104.41 
105.67 
106.88 
108.05 
109.19 
110.29 

111.35 
113.38 

C, 
J/mol·K 

24.00 
24.27 
24.53 
24.79 
25.03 
25.27 
25.49 
25.70 
25.90 

33.03 
32.63 
32.17 

. 31.76 
31.41 
31.10 
30.84 

30.60 
30.40 
30.21 
30.05 

29.90 
29.77 

29.65 
29.53 
29.43 
29.33 
29.23 
29.14 
29.06 
28.97 
28.89 
28.81 

28.73 
28.65 
28.58 
28.50 
28.43 
28.35 
28.28 
28.20 
28.13 
28.06 

27.98 
27.80 
27.62 
27.4G 

27.27 
27.10 
26.93 
26.77 
26.60 
26.45 

26.29 
26.00 

Cp 

J/mol·K 

33.70 
33.80 
33.92 
34.05 
34.19 
34.33 
34.47 
34.60 
34.73 

40.67 
40.85 
41.14 

41.48 
41.83 
42.20 
42.56 

42.91 
43.24 
43.54 
~3.82 

44.07 
44.29 

44.49 
44.65 
44.78 
44.90 
44.98 
45.05 
45.09 
45.12 
45.13 
45.13 

4S.11 
45.08 
45.04 
44.99 
44.94 
44.87 
44.80 
44.73 
44.65 
44.56 

44.47 
44.24 
43.99 
43.73 

43.46 
43.19 
42.93 
42.66 
42.39 
42.13 

41.87 
41.36 

Velocity 
of sound 

m/s 

833. 
84l. 
850. 
858. 
867. 
876. 
885. 
894. 
903. 

1307. 
1301. 
1294. 

1287. 
128l. 
1274. 
1260. 

1262. 
1256. 
1250. 
1:24~. 

1238. 
1232. 

1225. 
1219. 
1213. 
1207. 
120J. 
1194. 
1188. 
1182. 
JJ76. 
1170. 

1164. 
ll58. 
1152. 
1146. 
1140. 
1134. 
1129. 
1123. 
1117. 
1112. 

1l06. 
1093. 
1080. 
1068. 

1056. 
1044. 
1033. 
1023. 
1013. 
1003. 

994. 
977. 
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Temper. 
ature 
kelvin 

220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
44U 

460 
480 
500 
320 

540 
560 
580 

600 
620 

640 
660 

680 
700 

720 

740 
760 
780 

800 
850 
900 
95.0 

1000 
1050 
llOO 
1150 
1200 

Density 
mol/I 

24.66782 
24.16971 
23.68898 
23.22499 
22.77710 
22.34469 
21.92715 
21.52389 

21.13432 
20.75790 
20.39407 
20.04233 
19.70216 
19.37310 
19.05468 
18.74647 
18.44804 
18.15898 

17.87891 
17.34429 
Ib.1:!4140 

16~36771 

15.92091 
15.49892 
15.09981 

14.72183 
14.36341 
14.02310 

13.69957 
13.39163 
13.09818 
12.81921 

12.55083 
12.29517 
12.05049 
1 U1l60R 

11.59128 
11..37.551 

1l.I6821 
10.68385 
10.24255 
9.83863 
9.46736 
9.12481 
8.80763 
8.51300 
8.23850 

• 86.250 33.16599 
88 33.07954 

90 32.97616 
92 32.86828 
94 32.75631 
96 32.64064 
98 32.52169 

Isotherm 
derivative 
]'bar/mo] 

162.94 
158.43 
154.44 
150.91 
147.79 
145.03 
142.60 
140.45 

138.57 
136.91 
135.47 
134.21 
133.12 
132.18 
131.38 
130.71 

. 130.15 
129.69 

129.34 
128.87 
128.71 
128.79 
129.07 
129.54 
130.]0 

130.91 
131.77 
132.72 

133.76 
134.87 
136.04 
127.27 

138.54 
139.86 
141.21 
J.1?59 

144.00 
145.43 

146.89 
150.60 
154.41 
158.27 
162.19 
166.14 
170.11 
174.10 
178.11 

405.33 
393.87 

381. 70 
370.47 
360.09 
350.52 
341.67 

I 

I 
I 
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Thermodynamic properties of nitrogen-Continued 

Isochore I 
derivative 

bar·K I 

8.26 
7.75 
7.29 
6.88 
6.50 
6.16 
5.85 
5.57 

5.31 
5.07 
4.85 
4.64 
4.45 
4.28 
4.12 
3.96 
3.82 
3.69 

3.57 
3.:34 
3.14 
2.96 
2.80 
2.66 
2.~J 

2.41 
2.30 
2.20 

2.11 
2.03 
1.95 
1.00 

1.81 
1.75 
1.69 
1.64 

1.59 
1.54 

1.49 
1.39 
1.30 
1.22 
1.16 
1.09 
1.04 

0.9896 
0.9445 

19.57 
19.89 

20.17 
20.37 
20.50 
20.57 
20.58 

Internal 
energy 
J/mol 

1062.8 
1377.2 
1686.7 
1991.5 
2291.9 
25HH 1 
2880.4 
3169.1 

3454.4 
3736.4 
4015.5 
4291.8 
4565.4 
4836.6 
5105.5 
5372.3 
5637.1 
5900.1 

6161.3 
6679.1 
7191.4 
7699.0 
8202.6 
8702.9 
\1200.6 

9696.0 
10189.8 
10682.3 

1ll73.9 
11665.0 
12155.9 
12<'J4(j.8 

13138.0 
13629.6 
14121.8 
11611.9 

15108.9 
15603.9 

16100.1 
17345.8 
18600.0 
19862.9 
21134.9 
22415.8 
23705.5 
25003.7 
26310.1 

Enthalpy 
lImo] 

5522.0 
5928.4 
6330.2 
6727.8 
7121.3 
751LO 

7897.1 
8279.7 

8659.2 
9035.6 
9409.2 
9780.1 

10J48.6 
10514.6 
10878.4 
11240.1 
11599.8 
11957.7 

12313.8 
13021.3 
13722.9 
14419.5 
15111.8 
15800.2 
16485.4 
17167.9 
17848.1 
18526.5 

19203.4 
19879.1 
20554.0 
21228.3 

21902.3 
22576.2 
23250.1 
23924.3 

24598.8 
25273.8 

25949.4 
27641. 7 
29339.5 
31043.3 
32753.7 
34470.8 
36194.6 
37925. J 
39662.0 

1200 bar Isobar 

-3633.5 
-3573.2 

-3504.1 
-3434.8 
-3365.3 
-3295.4 
-3225.2 

-15.3 
54.5 

134.9 
216.1 
298.1 
381.0 
464.6 

Entropy 
J/mo1·K 

115.29 
II7.10 
118.81 
120.43 
121.98 
123.45 

124.85 
126.19 

1 ~7.4.H 

128.71 
129.90 
131.04 
132.14 
133.20 
134.23 
135.22 
136.18 
137.11 

138.01 
139.73 
141.37 
142.92 
144.39 
145.79 
147.14 
148.43 
149.66 
150.85 

152.00 
153.11 
154.18 
155.22 

156.22 
157.20 
158.15 
1£;9.07 

159.97 
160.85 

161.70 
163.76 
165.70 
167.54 
169.29 
170.97 
172.57 
174.ll 
175.59 

74.12 
74.92 

75.82 
76.71 
77.60 
78.47 
79.33 

C" 
J/mo]·K 

25.73 
25.47 
25.24 
25.02 
24.81 
21.63 

24.45 
24.29 

?d. 15 

24.01 
23.89 
23.77 
23.67 
23.58 
23.49 
23.41 
23.34 
23.28 

23.23 
23.14 
23.07 
23.02 
23.00 
22.99 
23.00 
23.03 
23.06 
23.11 

23.l7 
23.24 
23.31 
23.09 

23.48 
23.57 
23.67 
23.76 

23.86 
23.97 

24.07 
24.33 
24.59 
24.84 
25.09 
25.32 
25.54 
25.75 
2SQS 

32.33 
31.95 

31.58 
31.26 
30.99 
30.75 
30.55 

Cp 

J/mo]·K 

4().87 
4().41 
39.97 
39.55 
39.16 
3S.7S 

38.43 
38.10 

37.79 

37.50 
37.22 
36.96 
36.72 
36.49 
36.27 
36.07 
35.88 
35.70 

35.53 
35.22 
34.95 
34.72 
34.51 
34.34 
34.19 
34.06 
33.96 
33.88 

33.81 
33.76 
33.73 
00.71 

33.69 
33.69 
33.70 
33.72 

33.74 
33.7i 

33.80 
33.90 
34.01 
34.14 
34.27 
34.41 
34.54 
34.67 
34.S0 

39.74 
40.03 

40.40 
40.80 
41.22 
41.63 
42.03 

Velocity 
of sound 

mls 

961. 
947. 
934. 
923. 
912. 
902. 

894. 
887. 

B90. 

874. 
868. 
863. 
859. 
855. 
851. 
848. 
845. 
843. 

840. 
837. 
834. 
833. 
832. 
831. 
831. 
8.31. 
832. 
833. 

835. 
836. 
8.38. 
840. 
842. 
845. 
847. 
850. 

852. 
855. 

858. 
865. 
873. 
881. 
889. 
898. 
906. 
915. 
923. 

1334. 
1327. 

1320. 
1314. 
1308. 
1301. 
1295. 



Temper. 
ature 
kelvin 

100 
102 

104 
106 
108 

no 
112 
114 
116 

118 
120 
122 
124 

126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 

155 
16U 

165 
170 
175 
180 
185 
190 
195 

200 

210 
220 
230 

240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 

380 
390 

400 
420 
440 

Density 
mol/l 

32.39983 
32.27545 

32.14892 
32.02056 
31.89069 

31.75961 
31.62758 
31.49484 
31.36160 

31.22806 
31.09438 
30.96072 
30-l~2721 

30.69396 
30.56106 

30.42861 
30.29668 
30.16532 
30.03459 
29.90453 
29.77518 
29.64657 
29.51872 
29.39166 
29.26539 

29.13993 
28.82989 
:1l;I-~~!:>U::I 

28.22539 
27.93092 
27.64157 
27.35726 
27.07792 
26.80344 
26.53375 

26.26874 
25.75243 
25.25380 
24.77215 

24.30683 
23.85718 
23.42259 
23.00245 
22.59619 
22.20323 

21.82304 
21.45511 
21.09893 
20.75403 
20.41996 

20.09627 
19.78254 
19.47838 
19.18341 
18.89726 

18.61958 
18.08830 
17.58708 

Isotherm 
derivative 
I'bar/mol 

333.49 
325.93 

318.93 
312.43 
306.39 

300.77 
295.51 
290.59 
2115.97 

281.62 
277.51 
273.62 
?69.92 

266.40 
263.03 

259.81 
256.71 
253.74 
250.87 
248.10 
245.41 
242.82 
240.29 
237.85 
235.47 

233.15 
227.61 
~:1:1.41 

217.51 
212.89 
208.52 
204.39 
200.49 
196.81 
193.32 

190.03 
183.98 
178.58 
173.77 

169.49 
165.67 
162.27 
159.25 
156.55 
154.16 

152.03 
150.15 
148.48 
147.01 
145.71 
144.58 
143.59 
142.74 
142.01 
141.39 

140.87 
140.11 
139.67 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivaliv"e 

bar·K 

20.54 
20.45 

20.33 
20.18 
20.00 

19.79 
19.57 
19.33 
1\),08 

18.82 
18.55 
18.28 
1800 

17.73 
17.45 

17.17 
16.90 
16.63 
16.36 
]6.09 
15.83 
15.57 
15.31 
15.06 
14.82 

14.58 
14.00 
13.44 

12.92 
12.43 
11.96 
11.52 
11.10 
10.71 
10.34 

9.98 
9.33 
8.75 
1l.23 

7.75 
7.32 
6.93 
6.58 
6.25 
5.96 

5.69 
5.44 
5.20 
4.99 
4.79 
4.61 
4.44 
4.28 
4.13 
3.99 

3.85 
3.61 
3.400 

Internal 
energy 

llmol 

-3154.7 
3083.7 

-3012.5 
-2940.9 
-2869.0 

-2796.9 
-2724.6 
-2652.1 
-2579.5 

-2506.8 
-2434.0 
-2361.2 
_')')AA 4 

-2215.6 
-2142.9 

-2070.2 
-1997.6 
-1925.2 
-1852.8 
-1780.6 
-1708.6 
-1636.7 
-1565.0 
-1493.5 
-1422.2 

-1351.0 
-1l74.2 

-991l.o 

-824.6 
-651.9 
-480.8 
-31Ll 
-142.9 

23.8 
189.1 

353.0 
676.6 
994.9 

1308.0 

1616.4 
1920.2 
2219.7 
2515.1 
2806.8 
3095.0 

3379.9 
3661.6 
3940.5 
4216.6 
4490.2 
4761.4 
5030.4 
5297.3 
5562.3 
58~5.5 

6087.0 
6605.5 
7118.6 

Enthalpy 
J/mo} 

549.] 
634.3 

720.2 
806.7 
893.8 

981.5 
1069.6 
1158.0 
124.6 8 

1335.9 
1425.2 
1514.7 
1604 ., 

1693.9 
1783.7 

1873.5 
1963.2 
2052.9 
2142.6 
2232.2 
2321.6 
2411.0 
2500.2 
2589.3 
2678.3 

2767.0 
2988.2 
3:1UIl.2 

3426.9 
3644.4 
3860.5 
4075.3 
4288.8 
4500.9 
4711.7 

4921.2 
5336.4 
5746.6 
6152.2 

6553.2 
6950.1 
7342.9 
7732.0 
8117.5 
8499.6 

8878.6 
9254.7 
9628.0 
9998.6 

10366.8 
10732.6 
11096.3 
11458.0 
11817.7 
1:1175.0 

12531.9 
13239.6 
13941.8 

Entropy 
J/Ulul·K 

80.18 
81.03 

81.86 
82.68 
83.50 

84.30 
85.10 
85.88 
AIi.li5 

87.41 
88.16 
88.90 
A9.6.Q 

90.35 
91.06 

91.75 
92.44 
93.11 
93.78 
94.43 
95.07 
95.71 
96.33 
96.95 
97.55 

98.15 
99.60 

100.99 

102.34 
103.64 
104.89 
106.10 
107.27 
108.40 
109.50 

lJO.56 
112.58 
114.49 
111i .,0 

118.00 
119.62 
121.16 
122.63 
124.03 
125.37 

126.66 
127.89 
129.08 
130.22 
131.32 
132.38 
133.40 
134.39 
135.35 
l::1o.:11l 

137.18 
138.91 
140.54 

C, 
J/mvl·K 

30.37 
30.!n 

30.07 
29.95 
29.84 

29.73 
29.64 
29.55 
29.46 
29.38 
29.31 
29.23 
29.16 
29.Q.8 
29.{)l 

28.94 
28.87 
28.80 
28.73 
28.66 
28.59 
28.52 
28.45 
28.38 
28.31 

28.24 
28.07 
21.89 

27.72 
27.55 
27.38 
27.21 
27.04 
26.88 
26.72 

26.57 
26.27 
25.99 
')C; 7,\ 

25.49 
25.26 
25.05 
24.86 
24.68 
24.51 

24.36 
24.21 
24.08 
23.96 
23.85 
23.75 
23.66 
23.58 
23.51 
:1::1.44 

23.38 
23.28 
25.20 

Cp 

J/rnolK 

42.42 
42.78 

43.]2 

43.42 
43.69 

43.93 
44.14 
44.32 
44.47 
44.60 
44.70 
44.77 
44.83 
44.86 
44.88 

44.88 
44.87 
44.84 
44.81 
44.76 
44.71 
44.65 
44.58 
44.51 
44.43 

44.34 
44.12 
4.3.88 

43.62 
43.36 
43.09 
42.82 
42.56 
42.29 
42.03 

41.77 
41.27 
40.79 
40 3~ 

39.89 
39.48 
39.09 
38.72 
38.38 
38.05 

37.75 
37.46 
37.19 
36.94 
36.70 
36.48 
36.26 
36.07 
35.88 
3::'.11 

35.54 
35.24 
34.98 

Velocity 
of ~ound 

m/s 

1290. 
1284. 

1278. 
1272. 
1266. 

1260. 
1253. 
1247. 
1241. 
1235. 
1229. 
1223. 
1217. 
1211-
1205. 

1199. 
1193. 
1188. 
1182. 
1176. 
1170. 
1165. 
1159. 
1154. 
1141:1-

1143. 
1130. 
l1l8. 

1105. 
1094. 
1082. 
1072. 

·106!. 
lOS!. 
1042. 

1033. 
1016. 
1000. 
QA6 

973. 
961-
951. 
94!. 
932. 
924. 

917. 
911. 
90S. 
899. 
895. 
890. 
886. 
883. 
880. 
81i. 

874. 
870. 
867. 
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Temper-
ature 
kelvin 

460 
480 
500 
520 
540 
560 
580 

600 
620 
640 

660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
]050 
1100 
1150 
1200 

Density 
1001/1 

17.11363 
16.66586 
16.24185 
15.83986 
15.45828 
15.09566 
14.75064 

14.42201 
14.10864 
1 3.l:lUY::' 1 

13.52366 
13.25023 
12.98842 
12.73750 
12.49680 
12.26570 
12.04361 

11.83002 
11.33006 
10.87349 
10.45472 

10.06910 
9.71270 
9.38220 
9.07477 
8.78798 

* 87.953 33.32715 
88 33.32496 

90 33.22940 
92 33.12921 
94 33.02476 
96 32.YJt>46 

98 32.80467 
100 32.68978 
102 32.57217 
104 32.45218 
106 32.33016 
108 32.20642 

110 32.08127 
ll2 31.95498 
114 31.82779 
116 31.69993 
11~ 31.57161 

120 31.44301 
122 31.31428 
124 31.18559 
126 31.05704 
128 30.92874 

130 30.80080 
132 30.67329 
134 . 30.54628 
136 30.41984 
138 30.29401 
140 30.16883 

Isotherm 
derivative 
I·bar/mol 

139.50 
139.56 
139.81 
140.24 
140.81 
141.50 
142.31 

143.21 
144.19 
145.24 
146.36 
147.53 
148.75 
150,02 
]51.32 
152.65 
154.02 

155.41 
158.99 
162.67 
166.11 

170.26 
174.14 
178.04 
181. 9R 
185.94 

421. 74 
421.42 

408.43 
396.40 
385.26 
374.95 
365.41 
356.59 
348.42 
340.85 
333.83 
327.32 

321.25 
315.60 
310.32 
305.38 
300.71 

296.37 
292.24 
288.33 
?il4 A? 

281.09 

277. 72 
274.50 
271.40 
268.43 
265.56 
262.80 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

3.21 
3.04 
2.89 
2.75 
2.62 
2.50 
2.40 

2.30 
2.21 
2.12 
2.05 
1.97 
1.91 
1.84 
1.78 
1. 73 
1.68 

1.63 
1.52 
1.42 
1.31 

1.26 
1.19 
l.13 
lOR 

1.03 

19.61 
19.62 

20.00 
20.29 
20.50 
20.64 
20.72 
20.74 
20.71 
20.63 
20.52 
20.37 

20.20 
20.01 
19.79 
19.56 
19.32 

19.07 
18.81 
18.55 
1!l.2!l 

18.01 

17.74 
17.47 
l7.20 
J6.93 
16.67 
16.40 

Internal 
energy 
J/mol 

7627.2 
8131.9 
8633.4 
9132.2 
9629.0 

10124.1 
10617.9 

11111.0 
11603.4 
12095.7 
12588.0 
13080.6 
13573.6 
14067.2 
14561.7 
15057.0 
15553.4 

16050.9 
17299.9 
18557.1 
19823.1 

21097.9 
22381.6 
23673.9 
?4974.6 

26283.4 

Enthalpy 
l/moi 

14639.2 
15332.3 
16021.7 
16708.1 
17391.8 
18073.4 
18753.2 

19431.6 
20108.9 
20785.4 
21461.4 
22137.0 
22812.6 
23488.2 
24164.1 
24840.4 
25517.2 

26194.6 
27891.2 
29593.2 
31301.2 

33015.6 
34736.5 
36464.1 
38198.1 

39938.4 

1300 bar Isobar 

-3585.6 
-3584.1 

-3517.0 
-3449.8 
-3382.2 
-3314.2 
-3245.8 
-3177.0 
-3107.7 
-3038.1 
-2968.0 
-2897.6 

-2826.9 
-2755.9 
-2684.7 
-2613.3 

2&41. 7 

-2470.0 
-2398.2 
-2326.3 
-225<1.4 

-2182.6 

-2110.7 
-2038.9 
-1967.2 
-1895.6 
-1824.1 
-1752.7 

315.1 
316.9 

395.2 
474.3 
554.3 
635.2 
717.1 
799.8 
883.4 
967.8 

1053.0 
1138.8 

1225.3 
1312.3 
1399.8 
1487.7 
1:;7':;.9 

1664.5 
1753.3 
1842.3 
1931.~ 

2020.7 

2110.0 
2199.3 
2288.6 
2377.9 
2467.2 
2556.4 

Entropy 
J/mol-K 

142.09 
143.57 
144.98 
146.32 
147.61 
148.85 
150.04 

151.19 
152.31 
153.38 
154.42 
155.43 
]56.41 
]57.36 
158.28 
159.19 
160.07 

160.92 
162.98 
164.93 
166.77 

168.53 
170.21 
171.82 
173.36 

174.84 

74.46 
74.48 

75.36 
76.23 
77.09 
77.94 
78.78 
79.62 
80,45 
81.27 
82.08 
82.88 

83.67 
84.46 
85.23 
85.99 
86.75 

87.49 
88.23 
88.95 
89.66 

90.37 

91.06 
91.74 
92.41 
93.07 
93.73 
94.37 

Cv 

J/mol-.K 

23.15 
23.12 
23.11 
23.11 
23.13 
23.16 
23.21 

23.26 
23.32 
23.40 
23.47 
23.56 
23.65 
23.74 
23.84 
23.93 
24.03 

24.14 
24.39 
24.65 
24.90 

25.14 
25.37 
25.59 
25.79 

25.99 

31.70 
31.69 

31.35 
31.07 
30.83 
30.63 
30.45 
30.31 
30.18 
30.07 
29.97 
29.88 

29.79 
29.72 
29.65 
29.58 
29.51 

29.45 
29.39 
29.32 
29.2G 

29.20 

29.14 
29.08 
29.01 
28.95 
28.89 
28.82 

Cp 

J/mol·K 

34.76 
34.56 
34.39 
34.25 
34.13 
34.03 
33.95 

33.89 
33.84 
33.81 
33.79 
33.78 
33.78 
33.79 
33.80 
33.83 
33.85 

33.89 
33.98 
34.10 
34.22 

34.35 
34.49 
34.62 
34.74 

34.87 

38.92 
illL9il 

39.34 
39.78 
40.23 
40.70 
41.15 
41.59 
42.01 
42.40 
42.76 
43.08 

43.37 
43.63 
43.85 
44.05 
44.21 

44.34 
44.45 
44.53 
44.60 

44.64 

44.66 
44.67 
44.66 
44.64 
44.61 
44.57 

Velocity 
of sound 

lOIs 

865. 
863. 
862. 
861. 
861. 
862. 
862. 

863. 
864. 
866. 
867. 
869. 
871. 
873. 
875. 
878. 
880. 

883. 
889. 
896. 
904. 

911. 
919. 
927. 
935. 

944. 

1360. 
1!l~9 

1352. 
1346. 
1340. 
1334. 
1328. 
1322. 
1316. 
1310. 
1304. 
1298. 

1292. 
1286. 
1280. 
1274. 
J~68. 

1262. 
1256. 
1250. 
1244. 

1239. 

1233. 
1227. 
1221. 
1216. 
1210. 
1204. 



Temper. 

ature 

kelvin 

142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
1\10 
195 

200 
210 

220 
230 
240 
250 

260 
270 
280 
?on 

300 
310 
320 
330 
340 
350 
360 
.310 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
3uO 

580 

600 
620 

640 
660 
680 
700 

720 
740 
760 
780 

800 

850 
900 
950 

Density 

molll 

30.04435 
29.92058 
29.79756 
29.67530 

29.55382 
29.25358 
28.95837 
28.66823 
28.38312 
28.10299 
27.82776 
27.55734 
:n.2\11M 
27.03054 

26.77395 
26.27392 

25.79077 
25.32377 
24.87223 
21.13519 

24.01295 
23.60400 
23.20809 
?? R?MiR 

22.45327 
22.09336 
21.74448 
21.40620 
21.07810 
20.75975 
20.45080 
20.15086 
19.85958 
19.57663 

19.30169 
18.77463 
18.27612 
17.80406 
17.35654 
16.93181 
16.52825 
16.14439 
15.77888 

15.43047 

15.09802 
11.71l(HB 

14.47688 
J4.18633 
13.90800 
l.q MilS 

13.38507 
13.13912 
12.90270 
12.67527 

12.45630 
11.94289 
11.47300 
11.04118 

Isotherm 
derivative 
l·har/mol 

260.13 
257.54 
255.03 
252.59 

250.22 
244.57 
239.26 
234.27 
229.54 
225.08 
220.85 
216.84 
213.04 
209.44 

206.02 
199.72 

194.07 
188.99 
184.44 
120.36 

176.70 
173.42 
170.49 
1,,7 Rli 

165.50 
163.40 
161.52 
159.84 
158.35 
157.03 
155.87 
154.84 
153.95 
153.17 

152.50 
151.45 
150.74 
150.32 
150.16 
150.20 
150.43 
150.82 
151.3() 

152.01 

152.77 
153.62 

154.55 
155.56 
156.63 
1577" 

158.93 
160.15 
161.41 
162.70 

164.03 
167.46 
171.01 
174.67 
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Thermodynamic properties of nitrogen-Continued 

Iso chore i 
derivative \ 

bar·K 

16.14 
15.89 
15.64 
15.39 

15.15 
14.56 
14.01 
13.48 
12.97 
12.50 
12.05 
11.62 
11.22 
10.84 

10.48 
9.ll2 

9.22 
8.68 
8.19 
7.75 

7.34 
6.98 
6.64 
(, :l.~ 

6.05 
5.79 
5.55 
5.32 
5.12 
4.92 
4.74 
4.58 
4.42 
4.27 

4.13 
3.88 
3.66 
3.45 
3.27 
3. Jl 
2.96 
2.82 
2.70 

2.59 

2.48 
2.38 

2.29 
2.21 
2.13 
') 0" 
1.99 
1.93 
1.87 
1.82 

1. 76 
1.64 
1.54-
1.45 

Internal 
energy 

Jlmol 

-J681.4 
-1610.4 
-1539.4 
-1468.7 

-J398.1 
-1222.6 
-1048.3 

-875.4 
-703.8 
-533.7 
-365.0 
-197.7 

-31.8 

132.7 

295.8 
()18.0 

934.9 
1247.0 
1554.3 
1957.3 

2156.0 
2450.8 
2742.0 
.'In?97 

3314.2 
3595.6 
3874.3 
4150.2 
4423.7 
4694.9 
4963.9 
5230.9 
5496.0 
5759.3 

6021.1 
6540.1 
7053.8 
7563.1 
8068.7 
8571.1 
9070.9 
9568.7 

10064.ll 

10559.8 

1l054.0 
11517.6 

12041. 1 
12534.6 
13028.3 
1.QS?? s 
14017.4 
14513.0 
15009.6 
15507.1 

16005.7 
17257.6 
185]7.7 
19786.3 

Enthalpy 

J/mol 

2645.5 
2734.5 
2823.3 
2912.1 

3000.6 
3221.3 
3440.9 
3659.3 
3876.4 
4-092.1 
4-306.6 
4519.7 
4731.6 
4942.1 

5151.2 
5505.8 

5975.5 
6380.5 
6781.0 
7177.-1 

7569.8 
7958.4 
8343.5 
R7?S .Q 

9104.0 
9479.8 
9852.8 

10223.2 
10591.3 
10957.0 
11320.6 
]]682.2 
12042.0 
12399.9 

12756.2 
13464.3 
14166.9 
14864.8 
15558.6 
16248.9 
16936.2 
17621.0 
18303.7 

18984.7 

19664.4 
2031-3.0 

21020.9 
21698.3 
22375.5 
?'lOS? s 
23729.7 
24407.1 
25085.0 
25763.3 

26442.2 
28142.8 
29848.6 
3156004 

Entropy 

J/mo!·K 

95.00 
95.62 
96.23 
96.84 

97.43 
98.88 

100.27 
101.62 
102.91 
104.16 
105.37 
106.54 
107.()7 

108.76 

109.82 
111.85 

113.75 
]]5.55 
]]7.26 
112.88 

120.41 
121.88 
123.28 
19<1 f.? 

125.91 
127.14 
128.32 
129.46 
130.56 
131.62 
132.64 
133.64 
134.60 
135.52 

136.43 
138.15 
139.79 
141.34 
142.82 
144.23 
145.57 
146.87 
148.11 

149.30 

150.45 
151.57 

152.64 
153.68 
154.70 
IS5"R 

156.63 
157.56 
158.46 
159.34 

160.20 
162.26 
164.21 
166.07 

c,. 
J/mo)·K 

28.76 
28.69 
28.63 
28.56 

28.49 
28.32 
28.16 
27.98 
27.81 
27.65 
27.48 
27.31 
27.10 
26.99 

26.83 
26.53 

26.25 
25.98 
25.73 
26.50 

25.28 
25.08 
24.89 
')<17? 

24.56 
24.41 
24.27 
24.15 
24.03 
23.93 
23.83 
23.74 
23.66 
23.59 

23.52 
23.42 
23.33 
23.27 
23.24 
23.22 
23.22 
23.23 
23.26 
23.30 

23.35 
23.11 

23.48 

23.55 
23.63 
93.77 

2::>'.B1 
23.91 
24.00 
24.10 

24.20 
24.45 
24.70 
24.95 

Cp 

J/mol·K 

44.52 
44.46 
44.40 
44.32 

44.25 
44.03 
43.80 
43.55 
43.29 
43.03 
42.76 
42.49 
42.23 

41.97 

41.71 
41.21 

40.73 
40.27 
39.84 
39.13 

39.05 
38.68 
38.34 
.~R n? 

37.72 
37.44 
37.17 
36.92 
36.69 
36.47 
36.26 
36.06 
35.88 
35.71 

35.55 
35.26 
35.01 
34.79 
34.60 
34.44 
34.30 
34.18 
34.09 

34.01 

33.96 
33.01 

33.88 
33.86 
33.85 
33.85 

33.86 
33.88 
33.90 
33.93 

33.96 
34.06 
34.17 
34.30 

Velocity 
of sound 

mls 

1199. 
]]94. 
!l88. 
1183. 

1178. 
1165. 
1I53. 
1141. 
1129. 
1118. 
1108. 
109,). 
lUll/:!. 

1078. 

101i9. 
1052. 

1037. 
1023. 
1010. 
99S. 

987. 
977. 

968. 
0/\0 

953. 
946. 
940. 
934. 
929. 
924. 
920. 
916. 
913. 
910. 

907. 
902. 
899. 
896. 
893. 
892. 
89l. 
890. 
890. 

890. 

891. 
I'm. 
892. 
894. 
895. 
897. 

89B. 
900. 
902. 
904. 

907. 
913. 
919. 
926. 
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11M 

,-- ;em~er. \ 

ature 
kelvin ( 

1000 
1050 

1100 
1150 
1200 

Density 
molll 

10.64283 
10.274.08 

9.93162 
9.61265 
9.31472 

• 89.630 33.48316 
90 33.46646 
92 33.37347 
94 33.27610 
96 33.17473 
98 33.06971 

100 32.96141 
102 .32.85020 

104 32.73643 
106 32.62042 
108 32.50250 
110 32.38297 
112 32.26211 
114 32.14017 
116 32.01739 
11R .qj IlQ.qQQ 

120 31.77015 
122 31. 64604 
124 31.52183 
126 31.39765 
128 31.27361 
130 31.1498.3 
132 31. 02638 
1.34 30.90336 
136 30.78083 
138 30.65884 

140 30.53744 
142 30.41669 
144 30.29660 
146 30.17721 
148 30.05854 

150 29.94061 
155 29.64912 
160 29.36248 
165 29.08075 
170 28.80392 

175 28.53193 
180 28.26472 

185 28.002J8 
190 27.74422 
195 27.49074 
200 27.24161 
210 26.75604 
220 26.28670 
230 25.83282 
240 25.39368 

250 24.96863 
260 24.55704 
270 24.15834 

I i 

Isotherm 
derivative 
I· bar/mol 

178.41 
182.20 
186.04 
189.92 
193.82 

438.06 
435.58 
422.74 
410.82 
399.76 
389.51 

380.01 
371.20 

363.04 
355.46 
348.43 
341.89 
335.81 
330.13 
324.82 
'llQ R5 

315.19 
310.79 
306.65 
302.72 
299.00 
295.46 
292.08 
288.85 
285.75 
282.78 

279.92 
277.16 
274.49 
271.91 
209.4J 

266.98 
261.20 
255.79 
250.69 
245.88 

241.33 
237.01 

232.90 
229.01 
225.31 
221.79 
215.27 
209.38 
204.07 
199.28 

194.95 
191.06 
187.54 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar'K 

1.37 
1.29 
1.23 
1.17 
1.12 

19.67 
19.15 
20.13 
20.42 
20.64 
20.78 

20.86 
ZO.89 

20.86 
20.80 
20.69 
20.55 
20.39 
20.20 
20.00 
lQ 711 

19.54 
19.30 
19.05 
18.79 
18.53 
18.26 
18.00 
17.73 
17.47 
17.21 

16.95 
16.69 
16.43 
16.18 
15.94 

15.69 
15.10 
14.54 
14.00 
13.49 

13.01 
]255 

12.12 
11.71 
11.32 
10.96 
10.28 
9.66 
9.11 
8.61 

8.15 
7.74 
7.36 

Internal 
energy 
J/mo) 

21063.7 
22349.9 
23644.6 
24947.6 
26258.5 

Enthalpy 
J/mol 

33278.5 
35003.1 
36734.1 
38471.4 
40214.9 

1400 bar Isobar 

-3538.5 
-3526.4 
-3461.0 
-3395.3 
-3329.1 
-3262.5 

-3195.4 
-.3127.8 

-3059.7 
-2991.2 
-2922.2 
-2852.8 
-2783.1 
-2713.1 
-2642.8 
-?sn .. 'l 

-2501.6 
-2430.8 
-2359.9 
-2288.9 
-2217.8 
-2146.7 
-2075.7 
-2004.7 
-1933.7 
-1862.9 

-1792.1 
-1721.4 
-1650.9 
-1580.5 
-J51O.:'I 

-1440.3 
-1265.9 
-1092.7 
-920.8 
-750.2 

-580.9 
-4130 

-246.5 
-81.4 
82.4 

244.9 
565.8 
881. 7 

1192.8 
1499.3 

IS01.5 
2099.6 
2393.9 

642.7 
656.9 
733.9 
811.9 
890.9 
971.0 

1052.0 
J134.0 

1216.9 
1300.6 
1385.2 
1470.4 
1556.3 
1642.8 
1729.8 
11117.2 

1905.0 
1993.1 
2081.5 
2170.1 
2258.8 
2347.7 
2436.6 
2525.6 
2614.6 
2703.5 

2792.4 
2881.3 
2970.1 
305S.7 
:'I147.:'I 

3235.7 
3456.0 
3675.3 
3893.4 
4110.3 

4325.9 
4'<;40 I 

4753.1 
4964.7 
5175.0 
5384.1 
5798.3 
6207.6 
6612.3 
7012.5 

7408.5 
7800.6 
8189.0 

Entropy 

J/mol'K 

167.83 
169.51 
171.12 
172.67 
174.15 

74.78 
74.93 
75.78 
76.62 
77.45 
78.28 

79.09 
79.91 

80.71 
81.51 
82.30 
83.08 
83.85 
84.62 
85.38 
86.12 

86.86 
87.59 
88.31 
89.02 
89.71 
90.40 
9l.08 
91.75 
92.41 
93.06 

93.70 
94.33 
94.95 
95.56 
9U.lu 

96.76 
98.20 
99.60 

100.94 
102.23 

103.48 
1046Q 

105.86 
106.99 
108.08 
109.14 
111.16 
113.06 
114.86 
116.56 

118.18 
119.72 
121.18 

Cv 

J/mo!·K 

25.19 
25.41 
25.63 
25.84 
26.03 

3J.l4 
31.09 
30.84 
30.63 
30.47 
30.33 

30.21 
30.11 

30.03 
29.96 
29.89 
29.83 
29.78 
29.73 
29.68 
29.63 

29.58 
29.53 
29.48 
29.43 
29.38 
29.32 
29.27 
29.22 
29.16 
29.10 

29.04 
23.98 
28.92 
28.86 
Z8.80 

28.73 
28.57 
2S.41 
28.24 
28.07 

27.91 
?774 

27.57 
27.41 
27.25 
27.09 
26.79 
26.50 
26.22 
25.97 

25.73 
25.50 
25.29 

Cp 

J/mol·K 

34.43 
34.56 
34.68 
34.81 
34.93 

38.20 
38.28 
38.76 
39.25 
39.76 
40.27 

40.76 
41.23 

41.67 
42.08 
42.45 
42.80 
43.10 
43.37 
43.61 
43.81 

43.98 
44.13 
44.24 
44.33 
44.40 
44.45 
44.48 
44.49 
44.49 
44.47 

44.45 
44.41 
44.36 
44.30 
44.24 

44.17 
43.97 
43.74 
43.50 
43.25 

42.99 
4'27? 

42.46 
42.19 
41.93 
41.68 
41.17 
40.70 
40.24 
39.81 

39.40 
39.02 
3S.66 

Velocity 
of sound 

mls 

933. 
940. 
948. 
956. 
964. 

13115. 
1384. 
)377. 
1371. 
1365. 
1359. 

1353. 
1:'147. 

1341. 
1335. 
1329. 
1323. 
1317. 
1311. 
1305. 
1299. 

1293. 
1288. 
1282. 
1276. 
1270. 
1264. 
1259. 
1253. 
1248. 
1242. 

1237. 
1231. 
1226. 
1221. 
1Z15. 

1210. 
1198. 
1186. 
1174. 
1163. 

1152. 
114? 

1131. 
1122. 
1113. 
1104. 
1087. 
1071. 
1057. 
1044. 

1032. 
1021. 
1012. 



Temper· 
ature 
kelvin 

280 
290 
300 
310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
!joO 

580 
600 
620 
640 

660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
]]00 
1150 
1200 

Density 
moIlI 

23.77197 
23.39742 
23.03419 
22.68182 
22.33988 
22.00794 
21.68562 

21.37252 
21.06830 
20.77261 
20.48512 
20.20554 
19.93355 
19.41126 
18.91615 
18.44629 
17.99992 

17.57541 
17.17128 
16.78616 
10.41880 

16.06803 
15.73278 
15.41208 
15.10500 

14.81072 
14.52845 

14.25747 
13.99713 
1:i.74679 
13 . .50590 
13.27392 
13.05036 
12.52535 
]2.04384 
J 1.60051 
11.19085 

10.81105 
10.45785 
10.12844 

9.82040 

* 91.282 33.63434 
92 33.60286 

94 33.51215 
96 33.41732 
98 33.31872 

100 33.21668 
102 33.1Jl56 
104 33.00371 
106 32.89344 
108 32.78107 
lJO 32.66691 
lJ2 32.55123 
lJ4 32.43430 

Isotherm 
derivative 
1· bar/mol 

184.38 
181.52 

. 178.95 
176.64 
174.56 
172.69 
171.02 

169.52 
168.18 
166.99 
165.93 
165.00 
164.18 
162.85 
161.89 
)61.23 
160.84 

160.68 
160.72 
160.94 
101..30 

161.81 
162.43 
163.15 
163.% 

164.85 
165.82 

166.85 
167.93 
169.07 
170.25 
171.47 
172.73 
176.00 
179.43 
182.98 
186.61 

190.33 
194.09 
197.90 
201.75 

454.28 
449.49 

436.79 
424.97 
413.98 

403.78 
394.31 
385.52 
377.36 
369.78 
362.73 
356.18 
350.07 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

7.01 
6.69 
6.40 
6.13 
5.88 
5.65 
5.43 

5.23 
5.04 
4.87 
4.70 
4.55 
4.40 
4.14 
3.90 
3.69 
3.50 

3.33 
3.17 
3.03 
2.89 

2.7i 
2.66 
2.56 
2.46 

2.38 
2.29 

2.22 
2.14 
2.08 
2.01 
1.95 
1.90 
1.77 

1.66 
1.56 
1.47 

1.39 
1.32 
1.26 
1.20 

19.74 
19.90 

20.27 
20.56 
20.78 

20.92 
21.01 
21.03 
21.01 
20.95 
20.85 
20.72 
20.56 

Internal 
energy 
l/mol 

2684.6 
2971.9 
3256.0 
3537.2 
3815.6 
4091.4 
4364.7 

4635.9 
4904.8 
5171.9 
5437.0 
5700.5 
5962.3 
6481.7 
6995.9 
7505.8 
8011. 9 

8515.1 
9015.7 
9514.3 

10011.4 

10507.3 
11002.4 
11497.0 
1]991.5 

12486.0 
12980.7 

13476.0 
13971.9 
14468.5 
14966.1 
1::;41\4.7 
15964.3 
17218.8 
18481.3 
19752.4 
21032.1 

22320.5 
23617.4 
24922.5 
26235.5 

Enthalpy 
J/mo\ 

8573.8 
8955.4 
9333.9 
9709.5 

10082.4 
10452.7 
10820.6 

11186.3 
11549.9 
11911.05 
12271.2 
12629.3 
129805.6 
13694.0 
14397.0 
15095.4 
15789.8 

16480.8 
17168.9 
17854.05 
18538.2 

19220.2 
19901.0 
20580.8 
212~9.9 

21938.6 
22617.0 

23295.4 
23973.9 
24652.7 
25331.9 
?/l01l.7 

26692.0 
28396.1 
30105.5 
31820.8 
33542.3 

35270.2 
37004.5 
38745.0 
40491.5 

1500 bar Isobar 

-3491.9 
-3469.1 

-3405.1 
-3340.7 
-3275.8 

-3210.3 
-3144.3 
-3077.8 
-3010.7 
-2943.1 
-2875.1 
-2806.6 
-2737.8 

967.8 
994.8 

1070.9 
lJ48.0 
1226.2 

1305.5 
1385.8 
1467.2 
1549.5 
1632.7 
1716.7 
1801.5 
1886.9 

Entropy 
llmo)·K 

122.58 
123.92 
125.21 
126.44-
127.62 
128.76 
129.86 

130.92 
131.94 
132.93 
133.89 
134.82 
135.73 
137.45 
1.39.09 
140.64 
142.12 

143.53 
144.88 
146.17 
147.42 

148.61 
149.77 
150.88 
151.96 

153.00 
154.02 

155.00 
155.96 
1056.89 
157.79 
lSR 67 

159.54 
161.60 
163.56 
165.41 
167.18 

168.86 
170.48 
172.02 
173.51 

75.07 
It>.;·fi 

76.19 
77.00 
77.81 

78.61 
79.40 
80.19 
80.98 
81.75 
82.52 
83.29 
84.04 

c" 
l/mo)·K 

25.10 
24.92 
24.75 
24.60 
24.46 
24.32 
24.20 

24.09 
23.99 
23.90 
23.81 
23.i3 
23.67 
23.55 
23.46 
23.39 
23.35 

23.32 
23.32 
23.33 
23.35 

23.39 
23.43 
23.49 
23.:;0 

23.63 
23.71 

23.79 
2.3.88 
23.97 
24.07 
?d.16 

24.26 
24.051 
24.76 
25.00 
25.23 

25.46 
25.67 
25.88 
26.07 

30.64 
;m.!>7 

30.40 
30.27 
30.17 

30.09 
30.02 
29.97 
29.92 
29.88 
29.85 
29.82 
29.79 

c. 
J/mo!·K 

38.32 
38.00 
37.70 
37.42 
37.16 
36.91 
36.68 

36.46 
36.26 
36.07 
35.89 
35.72 
35.56 
35.28 
35.03 
34.81 
34.63 

34.47 
34.34 
34.23 
34.J4 

34.07 
34.01 
33.97 
35.94 

33.93 
33.92 

33.92 
33.93 
33.95 
33.97 
34.00 

34.03 
34.13 
34.25 
3·i.37 
34.49 

34.62 
34.705 
34.87 
34.99 

37.56 
37.75 
38.28 
38.83 
39.38 

39.91 
40.43 
40.93 
41.39 
41.81 
42.21 
42.56 
42.88 

Velocity 
of sound 

m/s 

1002. 
994. 
986. 
979. 
973. 
967. 
962. 

957. 
953. 
949. 
945. 
941. 
938. 
93.3. 
929. 
926. 
923. 

92l. 
919. 
918. 
YH:i. 

917. 
917. 
918. 
918. 

919. 
920. 

922. 
923. 
925. 
926. 
028. 

930. 
935. 
941. 
948. 
954. 

961. 
968. 
976. 
983. 

1410. 
1408. 
1401. 
1395. 
1389. 

1383. 
1377. 
1371. 
1365. 
1359. 
1353. 
1347. 
1341. 
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Temper-
ature 
kelvin 

116 
118 

120 
122 
1% 

126 
128 
130 
132 
134 
136 
138 

140 
142 
144 
146 
148 
ISO 
155 
160 
165 
170 

175 
180 

185 
190 
195 
200 
210 
220 
230 
210 

250 
260 
270 
280 
290 
300 
310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 

Density 
molll 

32.31636 
32.19762 

32.07830 
31.95857 
31.83859 
31.71851 
31.59847 
31.47857 
31.35891 
31.23958 
31.12067 
31.00222 

30.88430 
30.76695 
30.65022 
30.53414 
30.41874 
30.30403 
30.02043 
29.74149 
29.46730 
29.19786 

28.93315 
28.67308 

28.41757 
28.16653 
27.91983 
27.67737 
27.20473 
26.74778 
26.30572 
25.97781 

25.46338 
25.06181 
24.672.01 
24.29494 
23.92860 
23.57302 
23.22775 
22.89237 
22.56648 
22.24971 

21.94170 
21.64212 
21.35064 
21.06696 
20.79080 
20.52187 
20.00469 
19.51344 
19.U40.':l5 

18.60177 

18.17820 
17.77426 
17.38867 
17.02026 
16.66794 
16.33072 

Isotherm 
derivative 
I· bar/mol 

344.37 
339.03 

334.Q4 
329.35 
324.93 
320.76 
316.82 
313.08 
309.53 
306.14 
302.90 
299.S0 

296.S2 
293.96 
291.20 
288.54 
285.96 
283.47 
277.55 
272.02 
266.82 
261.92 

257.28 
252.88 

248.70 
244.72 
240.93 
237.32 
230.61 
224.52 
219.00 
213.99 

209.44 
205.33 
201..09 
198.21 
195.15 
192.38 
189.86 
187.59 
IS5.54 
IS3.69 

IS2.02 
IS0.51 
179.16 
177.95 
176.87 
175.91 
174.31 
173.09 
In.20 

171.59 

171.23 
171.09 
171.13 
171.33 
171.68 
172.16 
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Thermodynamic properties of nitrogen-Continued 

lsochore ! 
d . . j erJvatlve 

bar'K 

20.38 
20.18 

19.97 
19.74 
19.50 
19.26 
19.01 
18.75 
18.49 
18.24 
17.98 
17.72 

17.46 
17.20 
16.95 
16.70 
16.45 
16.21 
15.61 
15.05 
14.50 

13.99 

13.50 
13.04 

12.60 
12.18 
11.78 
11.41 
10.72 
10.09 
9.52 
9.01 

8.54 
8.12 
7.73 
7.37 
7.04 
6.74 
6.46 
6.20 
5.96 
5.74 

5.53 
5.33 
5.15 
4.98 
4.82 
4.67 
4.39 
4.14 
.':1.92 

3.72 

3.54 
3.38 
3.22 
3.09 
2.96 
2.84 

Internal 
energy 
J/mol 

-2668.6 
-2599.2 

-2529.5 
-2459.6 
-2389.6 
-2319.4 
-2249.1 
-2178.8 
-2108.5 
-2038.1 
-1967.8 
-1897.6 

-1827.4 
-1757.3 
-1687.3 
-1617.4 
-1547.6 
-1478.0 
-1304.7 
-1132.5 
-961.5 
-791.7 

-623.2 
-450.0 

-290.2 
-125.7 

37.5 
199.4 
519.3 
834.3 

1144.6 
1-150.1 

1751.9 
2049.5 
2343.2 
2633.5 
2920.4 
3204.2 
3485.2 
3763.3 
4039.0 
4312.2 

4583.3 
4852.2 
5119.2 
5384.4 
5647.9 
5909.8 
6429.4 
6944.0 
14!:>4 • .':I 

7961.0 

8464.7 
8966.0 
9465.3 
9963.1 

10459.7 
10955.6 

Enthalpy 
J/mo] 

1973.0 
2059.5 

2146.6 
2234.0 
2321. 7 
2409.7 
2497.9 
2586.3 
2674.9 
2763.5 
2852.1 
2940.8 

3029.5 
3118.1 
3206.7 
3295.2 
3383.5 
3471.8 
3691.9 
3911.0 
41<:l:UI 

4345.7 

4561.2 
4775.3 

4988.2 
5199.8 
5410.0 
5619.0 
6033.1 
6442.3 
6846.8 
7246.S 

7642.7 
8034.7 
8422.9 
8807.6 
9189.1 
9567.4 
994.3.0 

10315.8 
10686.0 
11053.9 

11419.6 
11783.1 
12144.8 
12504.6 
12862.6 
13219.1 
13927.7 
14631.0 
15329.8 

16024.8 

16716.4 
17405.1 
18091.6 
18776.1 
19459.0 
20140.8 

Entropy 
J/mol·K 

84.79 
85.53 

86.26 
86.99 
87.70 
88.40 
89.10 
89.78 
90.46 
91.13 
91.78 
92.43 

93.07 
93.70 
94.31 
94.93 
95.53 
96.12 
97.56 
98.95 

100.2\1 

101.59 

102.84 
104.04 

105.21 
106.34 
107.43 
108.49 
llO.51 
112.41 
114.21 
115.92 

117.53 
119.07 
120.53 
121.93 
123.27 
124.55 
125.79 
126.97 
128.11 
129.21 

130.27 
131.29 
132.28 
133.24 
134.17 
135.07 
136.80 
138.44 
139.99 

141.47 

142.88 
144.23 
145.53 
146.77 
147.97 
149.13 

CO' 
J/mol'K 

29.76 
29.72 

29.69 
29.66 
29.62 
29.58 
29.54 
29.50 
29.45 
29.41 
29.36 
29.31 

29.25 
29.20 
29.14 
29.09 
29.03 
28.97 
28.81 
28.65 
2tS.%1 

28.32 

28.16 
27.99 

27.83 
27.66 
27.50 
27.34 
27.03 
26.74 
26.46 
26.20 

25.95 
25.72 
25.50 
25.30 
25.12 
24.94 
24.78 
24.63 
24.50 
24.37 

24.25 
24.14 
24.05 
23.96 
23.88 
23.80 
23.68 
23.58 
23.51 

23.46 

23.4.3 
23.42 
23.42 
23.44 
23.47 
23.52 

C" 
J/mol·K 

43.16 
43.40 

43.61 
43.79 
43.94 
44.06 
44.16 
44.23 
44.29 
44.32 
44.34 
44.34 

44.33 
44.30 
44.27 
44.22 
44.17 
44.10 
43.92 
43.71 
43.41 

43.23 

42.97 
42.71 

42.44 
42.18 
41.92 
41.66 
41.16 
40.68 
40.22 
39.79 

39.39 
39.00 
38.64 
38.31 
37.99 
37.69 
37.41 
37.15 
36.91 
36.68 

36.46 
36.26 
36.07 
35.89 
35.73 
35.57 
35.29 
35.05 
34.l:l4 

34.66 

34.51 
34.38 
34.27 
34.18 
34.11 
34.06 

Velocity 
of sound 

m/s 

1335. 
1329. 

1323. 
1318. 
1312. 
1306. 
1300. 
1295. 
1289. 
1283. 
1278. 
1272. 

1267. 
1262. 
1257. 
1251. 
1246. 
1241. 
1229. 
1217. 
l~U(). 

1195. 

1184. 
1174. 

1164. 
1154. 
1145. 
1136. 
1120. 
1104. 
1090. 
1077. 

1065. 
1054. 
1044. 
1035. 
1026. 
1019. 
1012. 
1005. 
999. 
993. 

988. 
984. 
979. 
976. 
972. 
969. 
963. 
958. 
954. 

951. 

949. 
947. 
945. 
944. 
944. 
943. 



Temper. 
ature 
kelvin 

620 
640 
660 
680 

700 

720 
740 
760 
no 
800 
850 
900 
950 

1000 

1050 
1100 
1150 
1200 

Density 
molll 

16.00767 
15.69794 
15.40072 
15.11528 

14.84095 

14.57708 
14.32309 
14.07843 
13.84260 

13.61511 
13.08009 
12.58842 
12.13492 
11.71520 

11.32550 
10.96261 
10.62375 
10.30653 

• 92.911 33.78097 
\14 ;J<l.7j447 
96 33.64584 
98 33.55332 

J 00 33.45724 
102 33.35793 
104 33.25573 
106 33.15095 
IDS 33.0439!' 

Il 0 32.93489 
]]2 32.82419 
114 32.71207 
116 g2.59S76 

118 32.48450 

120 32.36950 
122 32.25391 
124 32.13800 
126 32.02182 
128 31. 90556 
130 3 1.78933 
132 31.6 i325 
134 31.55739 
136 31.44186 
138 31.32672 

140 31.21203 
142 31.09785 
144 30.98423 
146 30.87120 
148 30.75879 
150 30.64704 
155 30.37065 
160 30.09871 
165 29.83134 
170 29.56858 

175 29.31041 

Isotherm 
derivative 
I·bar/mol 

172.76 
173.45 
174.23 
175.09 

176.02 

177.01 
178.06 
179.16 
180.31 

181.49 
184.61 
187.90 
191.34 
194.88 

198.50 
202.19 
205.94 
209.73 

470.38 
463.15 
450.57 
438.84 

427.92 
417.77 
408.33 
399.56 
391.40 

383.82 
376.76 
370.19 
361.05 

358.33 

352.97 
347.95 
343.23 
338.79 
334.60 
330.64 
326.89 
323.32 
319.92 
.316.67 

313.56 
310.58 
307.72 
304.96 
302.30 
299.72 
293.64 
287.98 
282.67 
277.68 

272.96 
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Thermociynp.mic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

2.73 
2.63 
2.54 
2.45 

2.37 

2.29 
2.22 
2.15 
2.09 

2.03 
1.89 
1.77 
1.67 
1.58 

1.49 
1.42 
1.35 
1.29 

19.81 
20.05 
20.42 
20.70 

20.91 
21.06 
21. 14 
21.17 
21.1::; 

21.09 
21.00 
20.87 
20.72 

20.54 

20.35 
20.14 
19.92 
19.69 
19.45 
19.21 
18.96 
18.70 
18.45 
18.20 

17.94 
17.69 
17.44 
17.19 
16.91 
16.70 
16.10 
15 .. 53 
14.99 
14.46 

13.97 

Internal 
energy 
llmol 

11451.1 
]]946.4 
12441. 7 
12937.4 

13133.5 

13930.3 
14427.9 
14926.3 
15425.B 

15926.4 
17183.0 
18447.8 
19721.0 
21002.9 

22293.3 
23592.2 
24899.2 
26214.1 

Enthalpy 
llmol 

20821.6 
21501.8 
22181.5 
22861.1 

23510.7 

24220.4 
24900.5 
25580.9 
26261.9 

26943.5 
28650.9 
30363.5 
32082.0 
33806.8 

35537.8 
37275.1 
39018.5 
40767.9 

1600 bar Isobar 

-3445.9 
-3411.9 
-3349.2 
-3286.0 

-3222.1 
-3157.6 
-3092.6 
-3026.9 
-2960.7 

-2893.9 
--2826.7 
-2759.1 

260J.0 

-2622.6 

-2553.9 
-2484.9 
-2415.8 
-2346.4 
-2276.9 
-2207.3 
-2137.7 
-2068.0 
-1998.3 
-1928.6 

-1858.9 
-1789.4 
-1719.8 
-1650.4 
- 1581.1 
-1511.9 
-1339.6 
-1168.3 

-998.1 
-829.0 

-661.2 

1290.5 
1331.0 
1406.2 
1482.6 

1560.1 
1638.8 
17i8.6 
1799.5 
1881.4 

1964.1 
2047.7 
2132.1 
2217.2 

2302.8 

2389.0 
2475.7 
2562.8 
2650.2 
2737.9 
2825.8 
2913.9 
3002.2 
3090.5 
3178.9 

3267.3 
3355.7 
.3444.1 
3532.4 
3620.6 
3708.8 
3928.6 
4147.6 
4365.4 
4582.1 

4797.6 

Entropy 
Jlmo)·K 

150.24 
151.32 
152.37 
153.38 

151.37 

155.33 
156.26 
157.16 
159.05 

158.91 
160.98 
162.94 
164.80 
166.57 

168.26 
169.87 
171.42 
172.91 

75.36 
75.79 
76.58 
77..37 

78.15 
78.93 
79.71 
80.48 
81.24 

82.00 
82.75 
83.50 
84.24 

84.97 

85.70 
86.41 
87.12 
87.82 
88.51 
89.19 
89.87 
90.53 
91.18 
91.83 

92.47 
93.09 
93.71 
94.32 
94.92 
95.51 
96.95 
98.34 
99.68 

100.98 

102.23 

C,. 
l/mol·K 

23.57 
23.63 
23.70 
23.78 

23.96 

23.95 
24.04 
24.13 
21.22 

24.32 
24.56 
24.81 

. 25.05 

25.28 

25.50 
25.72 
25.92 
26.11 

30.21 
30.14 
30.05 
29.98 

29.94 
29.90 
29.88 
29.87 
29.85 

29.85 
29.84 
29.83 
29.02 

29.80 

29.79 
29.77 
29.75 
29.72 
29.69 
29.66 
29.62 
29.59 
29.54 
29.50 

29.45 
29.41 
29.35 
29.30 
29.25 
29.19 
29.04 
28.89 
28.i3 
28.57 

28.40 

Cp 

l/mol·K 

34.02 
34.00 
33.98 
33.98 

33.09 

33.99 
34.01 
34.04 
31.07 

34.10 
34.20 
34.31 
34.43 
34.56 

34.68 
34.81 
34.93 
35.05 

37.00 
37.31 
37.90 
38.49 

39.07 
39.63 
40.17 
40.68 
'11.16 

41.60 
42.00 
42.36 
42.69 

42.97 

43.23 
43.44 
43.63 
43.78 
43.91 
44.0l 
44.09 
44.15 
44.18 
44.20 

44.21 
44.20 
44.18 
44.14 
44.10 
44.05 
43.88 
43.68 
43.46 
43.22 

42.97 

Velocity 
of sound 

mls 

943. 
944. 
944. 
945. 

916. 

947. 
948. 
950. 
951. 

953. 
958. 
963. 
969. 
975. 

982. 
988. 
995. 

1003. 

1434. 
1431. 
1424. 
1418. 

1412. 
1406. 
1400. 
1394. 
1388. 

1382. 
1376. 
1370. 
1364. 

1358. 

1352. 
1346. 
1341. 
1335. 
1329. 
1323. 
1318. 
1312. 
1307. 
1301. 

1296. 
1291. 
1286. 
1281. 
1276. 
1271. 
1258. 
1247. 
1235. 
1225. 

1214. 
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Temper. 
ature 
kelvin 

180 
185 
190 
195 . 

200 
210 
220 
230 
240 

250 
260 
270 
280 
290 
300 
310 
320 
3.~0 

340 

350 
360 

370 
380 
390 
100 

420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
<J!:>O 

1000 

1050 
1100 

1150 
1200 

Density 
moW 

29.05678 
28.80758 
28.56274 
28.32214 
28.08568 
27.62470 
27.17893 
26.74758 
26.32988 

25.92514 
25.53275 
25.15210 
24.78268 
24.42398 
24.07554 
23.73694 
23.40775 
23.08761 

22.77616 

22.47306 
22.17799 

21.89064 
21.61073 
21.33800 
21.07217 

20.56026 
20.07318 
19.60925 
19.16694 

18.74483 
18.34165 
17.95620 
17.58738 
17.23418 
16.89564 
16.57091 
16.25918 
15.95968 
15.67173 

15.39468 
15.12792 
14.87089 
14.62307 
14.38397 
14.15313 
13.60945 
13.10889 
12.0464J 
12.21772 

11.81913 
11.44750 

I J.J0007 
10.77446 

* 94.518 33.92337 

Isotherm 
derivative 
I·bar/mol 

268.48 
264.22 
260.17 
256.31 
252.62 
245.75 
239.48 
233.i7 
228.56 

223.82 
219.50 
215.57 
211.98 
208.73 
205.76 
203.06 
200.61 
198 .. ~a 

196.35 

194.52 
192.0[; 

191.35 
189.99 
188.76 
H17.66 

185.80 
184.34 
183.22 
182.40 

181.84 
181.51 
181.38 
181.43 
181.63 
181.97 
182.43 
183.00 
183.67 
184.42 

185.25 
186.15 
187.12 
188.14 
189.21 
190.32 
193.28 
196.43 
1\1\1.75 
203.19 

206.72 
210.34 

214.01 
217.74 

486.37 
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Isochore 
derivative 

bar-K 

13.50 
13.05 
12.63 
12.23 
11.84 
11.14 
10.50 
9.92 
9.40 

8.92 
8.48 
B.08 
7.72 
7.38 
7.07 
6.78 
6.51 
(j.2(j 

6.03 

5.82 
5.G2 

5.43 
5.25 
5.08 
1.93 

4.64 
4.38 
4.15 
3.94 

3.75 
3.58 
3.42 
3.27 
3.14 
3.02 
2.90 
2.80 
2.70 
2.60 

2.52 
2.44 
2.36 
2.29 
2.22 
2.16 
2.01 
1.89 
1. 711 

1.68 

1.59 
1.51 

1.44 
1.37 

19.88 

Internal 
energy 
J/mol 

-494.7 
-329.4 
-165.4 

-2.8 
158.6 
477.7 
791.9 

1101.5 
1406.6 

1707.6 
2004.7 
2298.0 
2587.9 
2874.5 
3158.1 
3438.8 
3716.8 
3992.2 

4265.4 

4536.3 
400[;.2 

5072.2 
5337.4 
5600.9 
5862.9 

6382.6 
6897.5 
7408.1 
7915.2 

8419.4 
8921.1 
9421.0 
9919.4 

10416.7 
10913.2 
11409.4 
11905.4 
12401.5 
12897.9 

13394.8 
13892.3 
14390.7 
14889.9 
15390.2 
15891.6 
17150.2 
18416.9 
1<J(jY~.1 

20975.9 

22268.2 
235(j8.9 

24877. 7 
26194.2 

Enthalpy 
J/mo! 

5011.8 
5224.7 
5436.3 
5646.5 
5855.5 
6269.6 
6678.8 
70B3.3 
7483.4 

7879.2 
8271.1 
8659.3 
9044.0 
9425.5 
9803.8 

10179.3 
10552.1 
10922.4 

11290.3 

11656.0 
12019.6 

12381.2 
12741.1 
13099.3 
13155.8 

14164.6 
14868.3 
15567.5 
16262.9 

16955.0 
17644.4 
18331.5 
19016.8 
19700.5 
20383.1 
21064.9 
21746.0 
22426.7 
23107.3 

23788.0 
24468.8 
25149.9 
25831.5 
26513.7 
27196.5 
28906.8 
30622.4 
i5:li543.\1 

34071.6 

35B05.6 
37545.8 

39292.0 
41044.:l 

1700 bar J sobar 

-3400.3 1611.0 

Entropy 

J/mo!·K 

103.43 
104.60 
105.73 
106.82 
107.88 
109.90 
111.80 
113.60 
115.30 

]]6.92 
118.46 
]]9.92 
121.32 
122.66 
123.94 
125.17 
126.36 
127.50 

128.60 

129.66 
130.60 

131.67 
132.63 
133.56 
131A6 

136.19 
137.83 
139.38 
140.86 

142.28 
143.63 
144.93 
146.17 
147.37 
148.53 
149.65 
150.73 
151. 77 
152.79 

153.78 
154.74 
155.67 
156.58 
157.46 
158.33 
160.40 
162.36 
104.22 
166.00 

167.69 
1(j9.31 

170.86 
172.35 

75.63 

C,. 
J/mol·K 

28.24 
28.07 
27.91 
27.74 
27.58 
27.27 
26.97 
26.69 
26.42 

26.17 
25.93 
25.71 
25.50 
25.31 
25.13 
24.96 
24.81 
24.0(j 

24.53 

24.41 
24.30 

24.19 
24.10 
24.01 
23.9~ 

23.80 
23.70 
23.62 
23.57 

23.53 
23.51 
23.51 
23.53 
23.56 
23.60 
23.65 
23.71 
23.78 
23.85 

23.93 
24.01 
24.10 
24.19 
24.28 
24.38 
24.62 
24.86 
25.10 
25.33 

25.55 
25.76 

25.96 
26.14 

29.84 

Cp 

J/mo!·K 

42.71 
42.45 
42.18 
41.92 
41.67 
41.16 
40.68 
40.22 
39.79 

39.311 

39.00 
38.64 
38.30 
37.99 
37.69 
37.41 
37.15 
30.91 

36.68 

36.46 
36.26 

36.07 
35.90 
35.73 
35.59 

35.31 
35.07 
34.86 
34.68 

34.53 
34.41 
34.31 
34.22 
34.16 
34.]] 
34.07 
34.05 
34.03 
34.03 

34.04 
34.05 
34.07 
34.09 
34.12 
34.16 
34.26 
34.37 
34.49 
34.62 

34.74 
34.l!o 

34.98 
35.10 

36.51 

Velocity 
of sound 

mls 

1204. 
]]94. 
1185. 
1176. 
1167. 
lISI. 
1136. 
1I22. 
1109. 

10':/"1. 

1086. 
1075. 
1066. 
1058. 
1050. 
1042. 
1036. 
1029. 

1024. 

1018. 
1014. 

1009. 
1005. 
1001. 
999. 

992. 
987. 
982. 
979. 

976. 
974. 
972. 
971. 
970. 
969. 
969. 
969. 
969. 
969. 

970. 
971. 
972. 
973. 
974. 
976. 
980. 
985. 
990. 
996. 

1002. 
lUOl!. 

1015. 
1022. 

1458. 



Temper. 
sture 
kelvin 

96 
98 

100 

102 

104 
106 
108 
110 
112 
ll4 

Jl6 
118 

120 
122 
124 
126 
123 

130 
132 
134 
136 

138 

140 
142 
144 
146 
148 
150 
155 
160 
165 
170 

175 
180 
185 
190 
19.5 
200 
210 
220 
230 
240 

250 
260 
270 
280 
290 

300 
310 
320 
330 

340 

350 
360 
370 
3BO 
390 
400 

Density 
mol/l 

33.86163 
33.77489 

33.68449 
33.59074 
33.49395 
JJ.J'J444 

33.29252 
33.18846 
33.08255 
32.91:)00 

32.86622 
32.75627 

32.64543 
32.53389 
32.42182 
32.30939 
32.19676 

32.08402 
31.97133 
31.85877 
31.7464-4-

31.63442 

31.52278 
31.41157 
31.30085 
31.19066 
31.08104 
30.97203 
30.70230 
30.43679 
30.17566 
29.91899 

29.66677 
29.41896 
29.17549 
28.93626 
28.70119 
28.47014 
28.01972 
27.5841 I 
27.16250 
26.75412 

26.35827 
25.97431 
25.60166 
25.23979 
24.88820 

24.54644 
24.21409 
23.89076 
n 57609 

23.26971 

22.97132 
22.68060 
22.39728 
22.12107 
21.85172 
21.58899 

Isotherm 
derivative 
l·bar/mol 

476.55 
464.08 

452.44 
441.59 
431.49 
422.Ull 

413.32 
405.18 
397.59 
390.52 

383.93 
377.78 

372.03 
366.65 
361.61 
356.86 
362.40 

348.19 
344.21 
340.43 
336.35 

333.44 

330.18 
327.06 
324.07 
321.21 
318.45 
315.78 
309.51 
303.70 
298.28 
293.19 

288.38 
283.83 
279.50 
275.38 
271.45 
267.69 
260.67 
254.25 
248.37 
242.99 

238.07 
233.57 
229.45 
225.68 
222.24 

219.09 
216.22 
213.59 
211.19 

209.00 

207.0] 
205.19 
203.54 
202.03 
200.67 
199.44 
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lsochore 
derivative 

bar·K 

20.21 
20.56 

20.84 
21.05 
21.19 
2J.2'1 

21.29 
21.28 
21.22 
21.13 

21.01 
20.86 

20.69 
20.50 
20.30 
20.08 
19.86 

19.63 
19.39 
19.14 
1B.90 

18.65 

18.40 
18.15 
17.90 
17.65 
17.41 
17.16 
16.57 
16.00 
15.45 
14.92 

14.42 
13.94 
13.49 
13.06 
12.65 
12.26 
11.54 
10.89 
10.30 
9.77 

9.28 
8.83 
8.42 
8.05 
7.70 

7.38 
7.09 
6.81 
656 

6.32 

6.10 
5.89 
5.69 
5.51 
5.34 
5.18 

Internal 
energy 
limo) 

-3354.9 
-3293.3 

-3230.9 
-3168.0 
-3]04.4 
-J04U.! 

-2975.2 
-2909.8 
-2843.7 
-2777.2 

-2710.3 
-2642.9 

-2575.1 
-2507.1 
-2438.8 
-2370.2 

2301.6 

-2232.6 
-2163.6 
-2094.5 
-2025.4-

-1956.3 

-1887.2 
-1818.1 
-1749.1 
-1680.1 
-1611.2 
-:-1542.4 
-1371.0 
-1200.5 
- 1031.0 
-862.6 

-695.4 
-529.4 
-364.7 
-201.2 
-38.9 
122.0 
440.3 
753.9 

J062.9 
J367.5 

1668.0 
J964.6 
2257.6 
2547.2 
2B33.S 

3116.8 
3397.3 
3675.1 
39505 

4223.5 

4494.3 
4763.2 
5030.1 
5295.3 
5558.8 
5820.8 

Enthalpy 
J/mol 

1665.5 
1740.1 

1815.9 
1892.9 
1971.2 
2050.1:> 

2131.0 
2212.5 
2294.9 
2378.2 

2462.2 
2547.0 

2632.3 
2718.2 
2804.6 
2891.4 
297B.6 

3066.0 
3153.7 
3241.5 
.~3?9 5 

3417.6 

3505.7 
3593.9 
3682.1 
3770.3 
3858.4 
3946.4 
4166.0 
4384.9 
4602.7 
4819.4 

5034.9 
5249.2 
5462.1 
5673.8 
5884.2 
6093.2 
6507.5 
6916.8 
7321.5 
7721.6 

8117.6 
8509.6 
8897.8 
9282.6 
9661.1 

10042.5 
10418.0 
10790.8 
111617 

11529.1 

11894.9 
12258.6 
12620.3 
12980.2 
13338.5 
13695.2 

Entropy 
J/mo)·K 

76.20 
76.97 

77.73 
78.50 
79.25 
80.01 

80.76 
81.51 
82.25 
82.99 

83.72 
84.44 

85.16 
85.87 
86.57 
87.27 
97.96 

88.63 
89.30 
89.96 
901\1 

91.26 

91.89 
92.52 
93.13 
93.74 
94.34 
94.93 
96.37 
97.76 
99.10 

100.40 

101.65 
102.85 
104.02 
105.15 
106.24 
107.30 
109.32 
111.23 
113.02 
!l4.73 

116.34 
117.88 
119.35 
120.75 
122.03 

123.37 
124.60 
125.78 
1?6 97 

128.02 

129.08 
130.11 
131.10 
132.06 
132.99 
133.89 

C •. 
J/mo)·K 

29.80 
29.77 

29.76 
29.76 
29.77 
29.78 

29.80 
29.82 
29.84 
29.85 

29.86 
29.87 

29.87 
29.86 
29.86 
29.85 
29.9:! 

29.81 
29.78 
29.75 
?97? 

29.69 

29.65 
29.60 
29.56 
29.51 
29.46 
29.41 
29.27 
29.12 
28.97 
28.81 

28.64 
28.48 
28.31 
28.J5 
27.98 
27.82 
27.50 
27.20 
26.91 
26.63 

26.38 
26.13 
25.90 
25.69 
26.49 

25.31 
25.13 
24.97 
'211.92 

24.69 

24.56 
24.44 
24.34 
24.24 
24.15 
24.07 

Cp 

J/mo)·K 

36.97 
37.60 

38.22 
38.83 
39.41 
39.97 

40.49 
40.98 
41.43 
41.83 

42.20 
42.53 

42.82 
43.08 
43.30 
43.49 
13.65 

43.78 
43.88 
43.96 
4A 02 

44.06 

44.09 
44.09 
44.09 
44.07 
44.04 
43.99 
43.85 
43.67 
43.46 
43.22 

42.98 
42.72 
42.46 
42.20 
41.94 
41.68 
41.18 
40.70 
40.24 
39.80 

39.39 
39.01 
38.65 
38.31 
37.99 

37.69 
37.42 
37.16 
3691 

36.68 

36.47 
36.27 
36.08 
35.91 
35.75 
35.59 

Velocity 
of sound 

m/s 

1453. 
1446. 

1440. 
1434. 
1428. 
1422. 

1416. 
14]0. 
1404. 
1398. 

1392. 

1386. 

1380. 
1374. 
!:l6B. 

1362. 
1357. 

1351. 
1346. 
1340. 
1::1::15 

1329. 

1324. 
1319. 
1314. 
1309. 
1304. 
1299. 
1287. 
1275. 
1264. 
1253. 

1243. 
1233. 
1223. 
1214. 
1205. 
1197. 
1180. 
1165. 
!l51. 
!l39. 

1127. 
1116. 
1105. 
1096. 
lOB7. 

1079. 
1072. 
1065. 
1059. 

1053. 

1048. 
1043. 
1038. 
1034. 
1030. 
1026. 
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Temper. 
ature 
kelvin 

420 
440 
460 
480 

500 
520 

540 
560 
580 
600 

620 
640 
660 
680 

700 
720 
7<10 

760 
780 
800 
850 
900 
950 

1000 

1050 
]]00 
1150 
1200 

Density 
mo!/! 

21.08245 
20.59971 
20.13921 
19.69950 

19.27926 
18.87728 

IB.49244 
IB.12372 
17.77014 
17.43083 

17.10496 
16.79177 
16.49054 
16.20062 

15.92139 
15.65227 
IS.S0272 

15.14225 
14.90038 
14.66668 
14.]]552 
13.60717 
13.13674 
12.70004 

12.29347 
11.91392 
1 l.55870 
11.22545 

* 96.103 34.06181 
98 33.98465 

100 33.89966 

102 33.81122 
104 33.71963 
106 33.62519 
108 33.52819 
llO 33.42891 
ll2 33.32764 
114 33.22462 
116 33.120ll 
118 33.01434 

120 32.90752 
122 32.79986 
124 32.69154 
126 32.58272 
128 32.47357 
130 32.36421 
132 32.25478 
134 32.14538 
136 32.03611 
138 31.92706 

140 31.81830 
142 31.70990 
144 31.60193 

i 

Isotherm 
derivati~e 
!·bar/mol 

197.32 
195.62 
194.2B 
193.25 

192.50 
191.99 

191.69 
191.58 
191.63 
191.83 

192.16 
192.61 
193.17 
193.81 

194.55 
195.35 
106.23 

197.17 
198.16 
199.20 
201.99 
205.01 
208.20 
21l.54 

214.98 
218.51 
222.12 
225.78 

502.22 
489.69 

477.32 

465.77 
454.99 
444.93 
435.56 
426.83 
418.69 
411.10 
404.03 
397.43 

391.26 
::IIlS.4Q 

380.09 
375.02 
370.26 
365.77 
361.54 
357.54 
353.74 
350.14 

346.72 
343.45 
340.32 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

4.88 
4.61 
4.37 
4.15 

3.96 
3.77 

3.61 
3.46 
3.32 
3.19 

3.07 
2.96 
2.85 
2.76 

2.67 
2.58 
2.50 

2.43 
2.36 
2.29 
2.14 
2.00 
1.89 
1. 78 

1.69 
1.60 
1.53 
1.46 

19.95 
20.36 

20.71 

20.98 
21.17 
21.31 
21.38 
21.41 
21.39 
21.34 
21.25 
21.13 

20.99 
?O R? 

20.64 
20.44 
20.23 
20.01 
19.78 
19.55 
19.31 
19.07 

18.82 
18.58 
18.33 

Interna! 
energy 
limo! 

6340.7 
6855.7 
7366.6 
7874.0 

8378.5 
8880.7 

9381.0 
9879.8 

10377. 7 
10874.8 

11371.5 
11868.1 
12364.8 
12861.9 

13359.4 
13857.7 
11356.7 

14856.6 
15357.6 
15859.7 
17120.1 
18388.6 
19665.5 
20951.0 

22245.0 
23547.4 
24857.8 
26175.9 

Enthalpy 
J/mo! 

14404.3 
15108.2 
15807.8 
16503.6 

17196.3 
17886.2 

18573.9 
19259.8 
19944.3 
20027.0 

21310.2 
21992.1 
22673.8 
23355.3 

24036.9 
24718.7 
26100.9 

26083.5 
26766.7 
27450.6 
2<l16!U; 
30882.0 
32606.3 
34336.8 

36073.5 
37816.4 
39565.3 
41320.1 

1800 bar Isobar 

-3355.0 
-3297.9 

-3237.1 

-3175.6 
-3113.4 
-3050.5 
-2986.9 
-2922.7 
-2857.9 
-2792.5 
-2726.6 
-2660.3 

-2593.5 
-2,,26 ::! 

-2458.8 
-2391.1 
-2323.1 
-2254.9 
-2186.6 
-2118.1 
-2049.6 
...: 1981.0 

-1912.4 
-1843.8 
-1775.2 

1929.5 
1998.6 

2072.7 

2148.0 
2224.7 
2302.6 
2381.7 
2461.8 
2543.0 
2625.2 
2708.1 
2791.9 

2876,4 
2961.5 

3047.2 
3133.3 
3219.9 
3306.8 
3394.0 
3481.4 
3569.1 
3656.8 

3744.7 
3832.7 
3920.6 

Entropy 
J/mo!·K 

135.62 
137.26 
138.81 
140.29 

141. 71 
14.'1.00 

144.36 
145.61 
146.81 
147.90 

149.08 
150.17 
151.21 
152.23 

153.22 
J54.18 
155.1J 

156.03 
156.91 
157.78 
1.';<) H6 

161.82 
163.68 
165.46 

167.15 
168.78 
170.33 
l7I.82 

75.88 
76.59 

71,;:1"1-

78.09 
78.83 
79.57 
80.31 
81.05 
81. 78 
82.51 
83.23 
83.94 

84.65 
85.36 

86.05 
86.74 
87.42 
88.10 
88.76 
89.42 
90.07 
90.71 

91.34 
91.97 
92.58 

C,. 

J/rno!·K 

23.93 
23.82 
23.73 
23.67 

23.63 
23.01 

23.60 
23.62 
23.64 
23.68 

23.72 
23.78 
23.85 
23.92 

23.99 
24.08 
24.16 

24.25 
24.34 
24.43 
?467 

24 .. 91 
25.14 
25.37 

25.59 
25.80 
25.99 
26.18 

29.52 
29.53 

:lY.!:>!:> 

29.59 
29.63 
29.68 
29.73 
29.77 
29.81 
29.85 
29.8B 
29.91 

29.93 
20.95 
29.95 
29.96 
29.95 
29.95 
29.93 
29.91 
29.89 
29.86 

29.83 
29.79 
29.75 

Cp 

J/mo!·K 

35.32 
35.08 
34.88 
34.71 

34.56 
34.44 

34.34 
34.26 
34.19 
34.14 

34.11 
34.09 
34.08 
34.08 

34.08 
34.10 
34.12 

34.15 
34.18 
34.21 
34.31 

34.43 
34.55 
34.67 

34.80 
34.92 
35.04 
35.15 

36.09 
36.71 

<:17.<:17 
38.02 
38.65 
39.24 
39.81 
40.34 
40.84 
41.29 
41.70 
42.07 

42.40 
12.70 

42.96 
43.18 
43.37 
4.<;5::1 

43.66 
43.77 
43.86 
43.92 

43.96 
43.99 
43.99 

Velocity 
of sound 

mls 

1020. 
1014. 
1010. 
1006. 

1003. 
lUUU. 

998. 
996. 
995. 
994. 

993. 
993. 
993. 
993. 

993. 
994. 
990. 

995. 
997. 
998 .. 

1001. 

1006. 
1011. 
1016. 

1022. 
1028. 
1034. 
1040. 

14BO. 
1474. 

1468. 
1462. 
1455. 
1449. 
1443. 
1437. 
1431. 
1425. 
1419. 
1413. 

1407. 
)1.01. 

1395. 
1389. 
J383. 
l.Q7B 

1372. 
1367. 
1361. 
1356. 

1351. 
1345. 
1340. 



Temper· 
ature 
kelvin 

146 
148 
150 
155 
160 
165 
170 

175 
180 

185 
190 
195 
200 
210 
220 
230 
240 

250 
260 
270 

280 
290 
300 
:110 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
600 

700 
720 
7,10 

760 
780 
800 
850 
900 
950 

1000 

1050 

Density 
moll! 

3].49442 
31.38742 
31.28098 
31.01746 
30.75791 
30.50254 
30.25145 

30.00468 
29.76220 
29.52395 
29.28985 
29.05980 
28.83369 
28.39288 
27.96654 
27.55383 
27.1:;399 

26.76630 
26.39013 
26.0!21S9 

25.67002 
25.32507 
24.98957 
~4"M)\1l 

24.34530 
24.03580 
23.73427 

23.44039 
23.15387 
22.87444 
22.60184 
22.33582 
22,07615 
21.57498 
21.09669 
20.63978 
20.20291 

19.78483 
19.38439 
19.00054 
18.63230 
18.27877 
17.939!2 
17.61255 
17.29836 
16.99586 
IG.70442 

16.42346 
16.15243 
15.89081 

15.63812 
15.39392 
15.15777 
14.60016 
14.08498 
13.60750 
13.16364 

12.74988 

lsotherm 
derivative 
!·bar/~o! 

337.32 
334.45 
331.69 
325.20 
319.22 
313.66 
308.47 

303.57 
298.94 
294.54 
290.35 
286.35 
282.53 
275.39 
268.83 
262.81 
257.27 

252.19 
247.52 
243.23 

239.30 
235.68 
232.37 
229.33 

226.54 
223.98 
221.63 

219.48 
217.52 
215.72 
214.08 
212.58 
211.22 
208.86 
206.92 
205.37 
204.13 

203.19 
202.50 
202.03 
201. 77 
201.67 
201.74 
201.94 
202.27 
202.71 
203.2.5 

203.89 
204.60 
20ri.39 

206.24 
207.16 
208.13 
210.76 
213.63 
216.70 
219.93 

223.28 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

18.09 
17.85 
17.61 
17.01 
16.44 
15.89 
15.36 

14.85 
14.37 
13.91 
13.48 
13.06 
12.67 
11.94 
11.27 
10.67 
10.13 

9.63 
9.li 
0.76 

8.37 
8.02 
7.69 
7.39 

7.10 
6.84 
6.60 

6.37 
6.15 
5.95 
5.76 
5.59 
5.42 
5.11 
4.84 
4.59 
4.36 

4.16 
3.97 
3.80 
3.64 
3.49 
3.36 
3.23 
3.12 
3.01 
2.91 

2.81 
2.72 
2.64 

2.56 
2.49 
2.42 
2.26 
2.12 
1.99 
1.88 

1.79 

Internal 
energy 
Jlmo! 

-1706.7 
-1638.2 
-1569.8 
-1399.2 
-1229.5 
-](l60.6 

-892.9 

-726.2 
-560.7 
-396.4 
-233.4 
-71.5 
89.1 

406.8 
719.7 

1028.2 
133~.4 

1632.5 
1928.8 
2221.4 

2510.7 
2796.8 
3079.9 
3360.2 

3637.9 
3913.1 
4186.0 

4456.7 
4725.5 
4992.4 
5257.5 
552l.J 
5783.1 
6303.0 
6818.1 
7329.2 
7836.8 

8341.6 
8844.1 
9344.8 
9844.1 

10342.4 
10839.9 
11337.2 
11834.3 
12331.5 
12829.1 

13327.3 
13826.1 
14325.7 

14826.2 
15327.8 
15830.5 
17092.5 
18362.5 
19641.0 
20928.1 

22223.7 

Enthalpy 
J/mo! 

4008.6 
4096.6 
4184.5 
4404.0 
4622.7 
4840.5 
5057.3 

5272.9 
5487.2 
5700.3 
5912.1 
6122.6 
6331.8 
6746.4 
7156.0 
7560.9 
'9bL~ 

8357.4 
8749.5 
9lB7.9 

9522.8 
9904.4 

10282.9 
10658.5 

II 031.5 
11401.9 
11769.9 

12135.8 
12499.6 
12861.4 
13221.5 
13579.9 
13936.7 
14646.0 
15350.3 
16050.2 
16746.5 

17439.5 
18130.0 
18818.2 
19504.7 
20189.8 
20873.9 
21557.1 
22239.9 
22922.3 
2;)oU4.7 

24287.2 
24969.9 
2.5053.0 

26336.6 
27020.7 
27705.6 
29421.1 
3I142. J 
32869.0 
34602.1 

36341.4 

Entropy 
J!mo!·K 

93.19 
93.79 
94.38 
95.82 
97.21 
98.55 
99.84 

101.09 
102.30 
103.47 
104.60 
105.69 
106.75 
108.77 
110.68 
ll2.48 
114. III 

115.80 
117.34 
118.80 

120.20 
121.54 
122.82 
124.06 

125.24 
126.38 
127.48 

128.54 
129.56 
130.55 
B1.S1 
132.45 
133.35 
135.08 
136.72 
138.27 
139.76 

141.17 
142.52 
143.82 
145.07 
146.27 
147.43 
148.55 
149.64 
150.69 
151.71 

152.69 
153.66 
154.59 

155.50 
156.39 
J57.26 
J59.34 
161.31 
163.17 
164.95 

166.65 

Ct· 
J/mo!·K 

29.71 
29.66 
29.62 
29.49 
29.34 
29.19 
29.04 

28.87 
28.71 
28.54 
28.38 
28.21 
28.05 
27.73 
27.42 
27.12 
26.84 

26.58 
. 26.33 
26.10 

25.88 
25.67 
25.48 
25.30 

25.14 
24.98 
24.84 

24.71 
24.59 
24.48 
?4. ,\7 

24.28 
24.19 
24.05 
23.93 
23.84 
23.77 

23.73 
23.70 
23.69 
23.70 
23.72 
23.75 
23.80 
23.85 
23.91 
23.98 

24.06 
24.14 
24.~2 

24.31 
24.40 
24.49 
24.72 
24.96 
25.19 
25.41 

25.63 

C. 
J!mo!·K 

43.99 
43.97 
43.94 
43.83 
43.66 
43.46 
43.24 

43.00 
42.75 
42.49 
42.23 
41.97 
41.71 
41.21 
40.72 
40.26 
39.82 

39.41 
39.02 
3a.titl 

38.32 
38.00 
37.70 
37.43 

37.16 
36.92 
36.69 

36.48 
36.28 
36.09 
35.92 

35.76 
35.61 
35.33 
35.10 
34.90 
34.73 

34.58 
34.46 
34.37 
34.29 
34.23 
34.18 
34.J5 
34.13 
34.12 
34.12 

34.13 
34.14 
34.J7 
34.19 
34.22 
34.26 
34.36 
34.48 
34.60 
34.72 

34.85 

Velocity 
of sound 

m!s 

1335. 
1330. 
1325. 
1314. 
1302. 
1291. 
1281. 

1270. 
1261. 
1251. 
1242. 
1233. 
1225. 
1209. 
]]94. 
1180. 
1167. 

1155. 
1144. 
JJ34. 
1125. 
1l16. 
1108. 
lJOO. 

1093. 
1087. 
1081. 

1076. 
1070. 
J066. 
1061. 

]057. 
1053. 
1047. 
1041 

1036. 
]032. 

102, 
102~ 

1023. 
1021. 
1019. 
1018. 
]017. 
JOJ6. 
1016. 
1016. 

1016. 
1016. 
1017. 
1018. 
1019. 
1020. 
]023. 
1026. 
1031. 
1036. 

1041. 
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Temper-
ature 
kelvin 

1100 
1150 
1200 

Density 
molll 

12.36317 
12.00086 
11.66062 

'. 97.667 34.19656 
98 34.18364 

100 34.10382 
102 34.02047 
104 33.93386 
106 33.84429 
108 33.75204 
110 33.65739 
112 .'I3.5()059 

114 33.46191 
116 33.36160 
118 33.25988 

120 33.15697 
122 33.05308 
124 32.94840 
126 32.114300 

128 32.73731 
130 32.63122 
lS2 32.52494 
134 32.41858 
136 32.31225 
138 32.20606 

140 32.10007 
142 31. 99436 
J44 31.88900 
146 31.78404 
148 31.67953 
150 31.57551 
155 31.31784 
160 31.06387 
165 30.81386 
170 30.56795 

liS 30.32622 
180 30.08864 
185 29.85519 
190 29.62578 
195 29.40034 
200 29.17875 
210 28~ 74614 

220 28.32889 
230 27.92435 
240 27.53237 

250 27.15221 
260 26.78323 
270 26.42485 
280 26.07652 
290 25.73776 
300 25.40812 
310 25.08720 
320 24.77462 
330 24.47003 

Isotherm 
derivative 
l·bar/mol 

226.73 
230.26 
233.86 

517.94 
515.68 

502.58 
490.31 
478.84 
468.13 
458.12 
448.79 
440.08 

431.95 
424.37 
417.29 

410.68 
404.50 
398.72 
303.30 

388.21 
383.42 
378.92 
374.66 
370.64 
366.83 

363.21 
359.77 
356.49 
353.35 
350.35 
347.47 
340.73 
334.56 
328.85 
323.53 

318.54 
313.82 
309.35 
305.10 
301.04 
297.16 
289.90 

283.22 
277.07 
271.40 

266.17 
261.36 
256.91 
252.82 
249.05 
245.58 
242.38 
239.43 
236.72 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

1.70 
1.62 
1.54 

20.02 
20.10 

20.51 
20.85 
21.10 
21.29 
21.42 
21.49 
21.52 

21.50 
21.44 
21.35 

21.24 
21.10 
20.94 
20.76 

20.57 
20.36 
20.15 
19.92 
19.70 
19.46 

19.22 
18.99 
18.75 
18.51 
18.27 
18.03 
17.44 
16.86 
16.31 
15.78 

15.27 
14.78 
14.32 
13.88 
13.46 
13.06 
12.31 

11.64 
11.03 
10.47 

9.97 
9.50 
9.08 
8.68 
8.32 
7.99 
7.68 
7.39 
7.12 

Internal 
energy 
J/mol 

23527.5 
24839.4 
26159.0 

Enthalpy 
J/mol 

38086.9 
39838.3 
41595.6 

1900 bar Isobar 

-3310.0 
-3300.2 

-3240.9 
-3180.8 
-3120.0 
-3058.4 
-2996.1 
-2933.1 
-2809.4 

-2805.2 
-2740.3 
-2674.9 

-2609.1 
-2542.8 
-2476.2 
-24M.? 

-2342.0 
-2274.5 
-2206.8 
-2139.0 
-2071.0 
-2003.0 

-1934.9 
-1866.7 
-1798.6 
-1730.4 
-1662.4 
-1594.3 
-1424.6 
-1255.6 
-1087.4 
-920.] 

-754.0 
-588.9 
-425.1 
-262.3 
-100.8 

59.S 
370.0 

689.0 
997.1 

1300.9 

1600.6 
1896.6 
2189.0 
2478.0 
2763.9 
3046.8 
3327.0 
3604.5 
3879.6 

2246.1 
:l:l5B.U 

2330.3 
2404.1 
2479.2 
2555.6 
2633.2 
2712.0 
2792.0 

2872.9 
2954.9 
3037.6 

3121.2 
3205.5 
3290.4 
~~7<; H 

3461.8 
3548.1 
3634.8 
3721.9 
3809.1 
3896.5 

3984.1 
4071.8 
4159.6 
4247.4 
4335.2 
4423.0 
4642.2 
4860.9 
5078.7 
5295.5 

5511.2 
5725.7 
5939.0 
6151.0 
6361.7 
6571.1 
0986.0 

7396.0 
7801.2 
8201.8 

8598.2 
8990.6 
9379.2 
9764.3 

10146.1 
10524.7 
10900.5 
11273.6 
11644.2 

Entropy 
J/mol·K 

168.27 
169.83 
171.33 

76.12 
Ib.Z5 

76.98 
77.71 
78.44 
79.16 
79.89 
80.61 
81.33 

82.05 
82.76 
83.47 

84.17 
84.87 
85.56 
HIi.?4 

86.92 
87.59 
88.25 
88.90 
89.55 
90.19 

90.82 
91.44 
92.05 
92.66 
93.26 
93.85 
95.28 
96.67 
98.01 
99.31 

100.56 
101. 77 
102.94 
104.07 
105.16 
106.22 
108.25 

110.15 
111.95 
113.66 

115.28 
116.82 
118.28 
119.68 
121.02 
122.31 
123.54 
124.72 
125.86 

C.' 
J/mol·K 

25.84 
26.03 
26.22 

29.25 
29.26 

29.33 
29.40 
29.48 
29.55 
29.63 
29.71 
29.77 

29.84 
29.89 
29.94 

29.98 
30.01 
30.04 
.~O.OIi 

30.07 
30.07 
30.07 
30.06 
30.04 
30.02 

30.00 
29.97 
29.94 
29.90 
29.86 
29.82 
29.69 
29.56 
29.41 
29.26 

29.10 
28.94 
28.77 
28.60 
28.44 
28.27 
27.95 

27.64 
27.33 
27.05 

26.78 
26.52 
26.28 
26.06 
25.85 
25.65 
25.47 
25.30 
25.14 

C. 
J/mol·K 

34.97 
35.09 
35.20 

35.72 
35.83 

36.52 
37.21 
37.87 
38.51 
39.12 
39.70 
40.2:3 

40.73 
41.18 
41.60 

41.97 
42.30 
42.60 
42.RS 
43.08 
43.27 
43.43 
43.57 
43.68 
43.76 

43.82 
43.87 
43.90 
43.91 
43.90 
43.89 
43.80 
43.65 
43.47 
43.26 

43.02 
42.78 
42.52 
42.27 
42.01 
41.75 
41.24 

40.75 
40.29 
39.85 

39.43 
39.05 
38.68 
38.34 
38.02 
37.72 
37.44 
37.18 
36.93 

Velocity 
of sound 

mls 

1047. 
1053. 
1059. 

1502. 
1501. 

1495. 
1488. 
1482. 
1476. 
1469. 
1463. 
1457. 

1451. 
1445. 
1439. 

1433. 
1427. 
142l. 
1415. 
1409, 
1403. 
1398. 
1392. 
1387. 
1382. 

1376. 
1371. 
1366. 
1361. 
1356. 
1351. 
1339. 
1328. 
1317. 
1307. 

1297. 
1287. 
1278. 
1269. 
1260. 
1252. 
1236. 

1221. 
1207. 
1195. 

1183. 
1172. 
1162. 
IJ52. 
1144. 
1135. 
1128. 
lI2!. 

1114. 



Temper. 
ature 
kelvin 

340 

350 
360 

370 
380 
390 

400 
420 

440 
460 
480 

500 
520 
540 
560 
580 

600 

620 
640 
660 
680 

700 
720 
740 
760 
780 
!:suu 
850 
900 
950 

1000 

1050 
]]00 

1150 
1200 

Vensity 
mol!1 

24.17310 

23.88354 
23.60106 

23.32539 
23.05629 

22.79352 

22.53686 
22.04102 

21.56721 
21.11402 
20.68015 

20.26444 

19.86579 
19.48321 
19.1l578 
18.76263 

18.42299 

18.09609 
17.78127 
l7Ail87 
17.18530 

16.90299 
16.63043 
16.3671l 
16.11258 
15.86642 
1:'.()~!:S~U 

15.06501 
14.54385 
14.06012 
13.60906 

13.18962 
12.79641 
12.42763 
12.08099 

• 99.212 34.32785 
100 34.29791 
102 34.21942 
104 34.13761 
106 34.05273 
108 33.96506 

I]() 33.87487 
lIZ 33.78241 
114 33.68795 
lIb ::S::S.5YII1 

118 33.49393 
120 33.39484 
122 33.29462 
124 33.19348 
126 33.09158 
128 32.989lO 

130 32.88618 

132 32.78295 

Isotherm 
derivative 
l·bar/mol 

234.23 

231.94 
229.83 
227.89 

226.12 
224.49 

223.00 
220.40 

218.24 
216.47 
215.04 

213.91 
213.05 
212.42 
211.99 
211.76 

211.68 

211. 76 
211.97 
212.30 
212.73 

213.27 
213.89 
214.59 
215.36 
216.19 
~ C/.UY 

219.55 
222.28 
225.23 
228.3::; 

231.60 
234.97 
238.43 
241.96 

533.53 

528.19 
515.21 
503.05 
491.66 
481.02 

471.07 
461. 77 

453.09 
44·l.~1:l 

437.41 
430.33 
423.71 
4li.52 
411.72 
406.29 

401.18 
396.37 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar'K 

6.87 

6.63 
6.41 
6.21 
6.01 

5.83 

5.66 
5.34 

5.06 
4.80 
4.57 

4.35 
4.16 
.3.98 
3.82 
3.67 

3.53 
3.40 
3.28 
3.16 
3.06 

2.96 
2.86 
2.78 
2.69 
2.62 
;':.:'4 

2.38 
2.23 
2.10 
1.99 

1.88 
1. 79 
1.70 
1.63 

20.08 

20.26 
20.66 
20.98 
21.22 
21.40 

21.52 
21.59 
21.61 
;':1.!:JY 

21.54 
21.45 
21.34 
21.20 
21.04 
20.87 

20.68 

20.48 

Internal 
energy 
J/mol 

4152.4 

4423.1 
4691. 7 

4958.6 
5223.7 
5487.2 

5749.2 
6269.2 

6784.4 
7295.6 

7803.4 

8308.5 
8811.2 
9312.2 
9811.8 

10310.4 
]0808.4 

11306.0 
11803.6 
12301.3 
12799.3 

13297.9 
13797.3 
14297.4 
14798.5 
15300.6 
J5!:SUJ.1:l 

17067.2 
18338.6 
19618.5 
20907.0 

22204.0 
23509.2 
24822.5 
26143.4 

Enthalpy 

J/mol 

120J2.3 

12378.3 
12742.2 
13104.2 
13464.4 
13822.9 

14179.9 
141189.5 

15594.1 
16294.4 

16991.0 

17684.5 
18375.4 
19064.2 
19751.2 
20436.9 

21121.6 
21805.5 
22489.0 
23172.2 
23855.3 

24538.6 
25222.1 
25906.0 
26590.5 
27275.6 
~79ttJ .J 

29679.2 
31402.6 
33131.9 
34867.5 

36609.3 
38357.2 
40111.0 
41870.6 

2000 h~r l~nhnT 

-3265.3 

-3242.4 
-3183.7 
-3124.2 
-3063.9 
-3002.8 

-2941.0 
-2878.5 
-2815.4 
-~ 15J.:' 

-2687.2 
-2622.3 
-2556.9 
-2491.1 
-2424.9 

-2358.4 

-2291.6 
-2224.5 

2560.9 
2588.9 
2661.0 
2734.5 
2809.4 
2885.6 

2963.0 
3041.7 
3121.5 
::S:'W~.j 

.3284.1 
3366.7 
3450.1 
3534.2 
3619.0 
3704.2 

3790.0 
3876.2 

Entropy 
J!mol·K 

126.96 

128.02 
129.05 

130.04 
131.00 
131.93 

132.84 
134.57 

136.21 
137.76 

139.25 

140.66 
142.02 
143.32 
144.56 
145.77 

146.93 

148.05 
149.13 
150.19 
151.21 

152.20 
153.16 
154.10 
155.Ql 
155.90 
J:'b.1I 

158.85 
160.82 
162.69 
164.47 

166.17 
167.80 
169.35 
170.85 

76.36 

76.64 
77.35 
78.07 
78.78 
79.49 

80.20 
80.91 
81.62 
!:S~.::S;': 

83.02 
83.71 
84.40 
85.09 
85.76 
86.43 

87.10 

87.76 

C,. 

J!mol·K 

24.99 

24.85 
24.73 

24.61 
24.50 
24.41 

24.32 
21.16 

24.04 
23.94 

23.87 

23.82 
23.79 
23.78 
23.78 
23.80 

23.83 
23.87 
23.92 
23.98 
24.05 

24.12 
24.20 
24.28 
24.36 
24.45 
;':4.:'4 

24.77 
25.00 

25.23 
25.45 

25.67 
25.87 
26.07 
26.25 

29.03 
29.07 
29.18 
29.30 
29.41 
29.52 

29.62 
29.71 
29.80 
~Y.!:S!:S 

29.95 
30.01 
30.06 
30.11 
30.14 
30.16 

30.18 
30.19 

I 

Cp 

J/mo!·K 

36.71 

36.49 
36.29 

36.ll 
35.93 
35.77 

35.62 
35.35 

35.12 
34.92 

34.75 

34.61 

34.49 
34.39 
34.32 
34.26 

34.21 
34.J8 
34.16 
34.16 
34.16 

34.17 
34.19 
34.21 
34.24 
34.27 
::S4.;JJ 

34.41 
34.53 
34.65 
34.77 

34.90 
35.02 
35.14 
35.25 

35.40 
35.68 
36.40 
37.10 
37.78 
38.43 

39.04 
39.62 
40.16 
4U.()!:J 

41.10 
41.52 

41.89 
42.22 
42.S1 
42.77 

42.99 

43.19 

I 

Velocity 
of sound 

mls 

lI08. 

1103. 
1097. 

1092. 
1088. 
1084. 

1080. 
1073. 

1061. 
1062. 
1057. 

J053. 

J050. 
1047. 
1045. 
1043. 

1042. 
1040. 
1040. 
1039. 
J039. 

1038. 
J039. 
1039. 
1039. 
1040. 
JU4J. 

1043. 
1047. 

1051. 
1055. 

1060. 
1065. 
1071. 
1077. 

1524. 
1521. 
1515. 
1508. 
1502. 
1495. 

1489. 
1483. 
1476. 
147U. 

1464. 
1458. 
1452. 
1446. 
1440. 
1434. 

1428. 

1423. 
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Temper· 
ature 
kelvin 

134 
136 
138 
140 
142 
144 

146 
148 

150 

155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 

340 
350 
360 
370 

380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

Density 
mol/l 

32.67955 
32.57608 
32.47264 
32.36932 
32.26620 
22.16335 

32.06083 
31.95870 

31.95699 

31.60487 
31.35617 
31.11119 
30.87013 
30.63307 
30.40005 
30.17103 
29.94596 
29.72476 

29.50734 
29.08343 
28.67338 
28.27638 
27.89164 
27.51844 
27.15614 
26.80414 
26.46190 
26.12893 

25.80480 
25.48910 
25.18145 
24.88152 

24.58898 
24.30354 
24.02493 
23.75289 

23.48718 
23.22757 

22.97384 
22.48326 
22.01393 
21.56450 
21. 13376 
20.72057 
20.32391 
19.94283 
19.57644 
19.22395 

18.88460 
18.55768 
18.24253 
17.93855 
17.64516 
17.36184 
17.08807 
16.82338 
16.56734 
16.31953 

Isotherm 
derivative 
I·bar/mol 

391.85 
387.57 
383.53 
379.71 
376.07 
372.61 

369.32 
366.17 

363.16 

356.14 
349.75 
343.88 
338.42 
333.31 
328.50 
323.96 
319.64 
315.52 

311.58 
304.21 
297.42 
291.16 
285.37 
280.02 
275.06 
270.48 
266.25 
262.33 

258.71 
255.37 
252.28 
249.42 

246.79 
244.36 
242.11 
240.05 

238.14 
236.39 

234.78 
231.94 
229.56 
227.59 
225.96 
224.65 
223.61 
222.82 
222.25 
221.87 

221.66 
221.61 
221. 70 
221.92 
222.25 
222.68 
223.21 
223.82 
224.51 
225.27 
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Thermodynamic properties of nitrogen-Continued 

! 

I~b." I 
derivative 

bar·K 

20.27 
20.05 
19.83 
19.60 
19.37 
19.12 

18.90 
18.66 

IS.13 

17.84 
17.27 
16.72 
16.18 
15.67 
15.18 
14.71 
14.26 
13.84 

13.43 
12.68 
12.00 
11.38 
10.81 
10.29 
9.82 
9.39 
8.99 
8.62 

8.27 
7.96 
7.66 
7.39 

7.13 
6.89 
6.67 
6.45 

6.25 
6.07 

5.89 
5.56 
5.27 
5.01 
4.77 
4.55 
4.35 
4.16 
3.99 
3.84 

3.69 
3.56 
3.43 
3.31 
3.20 
3.10 
3.00 
2.91 
2.83 
2.75 

Internal 
energy 
Jlmol 

-2157.3 
-2089.9 
-2022.4 
-1954.8 
-1887.1 

1319.4 

-1751.7 
-1683.9 

-1616.3 

-1447.3 
-1279.0 
-1111.4 
-944.7 
-779.0 
-614.4 
-450.8 
-281'1.5 
-127.3 

32.8 
349.4 
661.4 
969.1 

1272.6 
1572.1 
1867.8 
2159.9 
2448.8 
2734.5 

3017.2 
3297.2 
3574.6 
3849.0 

4122.3 
4392.9 
4661.5 
4920.3 

5193.4 
5456.9 

5718.9 
6238.9 
6754.1 
7265.4 
7773.4 
8278.6 
8781.5 
9282.7 
9782.6 

10281.5 

10779.8 
11277.8 
11775.7 
12273.8 
12772.3 
13271.3 
13771.0 
14271.6 
14773.2 
15275.7 

Enthalpy 
J/mol 

3962.7 
4049.6 
4136.6 
4223.9 
4311.3 
4393.9 

4486.5 
4574.1 

1661.B 

4880.8 
5099.3 
5317.2 
5534.1 
5749.9 
5964.6 
6178.0 
6390.2 

660J.l 

6810.8 
7226.2 
7636.5 
8042.1 
8443.2 
8839.9 
9232.6 
9621.5 

10006.8 
10388.8 

10767.7 
11143.7 
11516.9 
11887.7 

12256.0 
12622.1 
12986.2 
13340.3 

13708.7 
14067.3 

14424.4 
15134.4 
15839.3 
16539.9 
17236.9 
17930.8 
18622.2 
19311.4 
19999.0 
20685.2 

21370.5 
22055.0 
22739.1 
23423.0 
24106.8 
24790.8 
25475.1 
26159.8 
26845.1 
27531.0 

Entropy 
J/mol·K 

88.41 
89.05 
89.69 
90.32 
90.94 
91.55 

92.15 
92.75 

93.31 

94.77 
96.16 
97.50 
98.80 

100.05 
101.26 
102.43 
103.56 

104.65 

105.72 
107.74 
109.65 
11 1.45 
113.16 
114.78 
Il6.32 
117.79 
119.19 
120.53 

121.82 
123.05 
124.23 
125.37 

126.47 
127.53 
128.56 
129.:;:; 

130.51 
131.45 

132.35 
134.08 
135.72 
137.28 
138.76 
140.18 
141.53 
142.83 
144.08 
145.29 

146.45 
147.57 
148.66 
149.71 
150.73 
151.72 
152.69 
153.62 
154.54 
155.43 

C,. 
J/mol·K 

30.19 
30.19 
30.18 
30.16 
30.14 
30.11 

30.08 
30.05 

30.01 

29.90 
29.77 
29.63 
29.48 
29.32 
29.16 
28.99 
2fUl3 

28.66 

28.49 
28.16 
27.85 
27.54 
27.25 
26.97 
26.71 
26.47 
26.23 
26.02 

25.82 
25.63 
25.45 
2::'.2\1 

25.14 
24.99 
24.86 
24.74 

24.63 
24.53 

24.44 
24.28 
24.15 
24.04 
23.97 
23.91 
23.88 
23.86 
23.86 
23.88 

23.90 
23.94 
23.99 
24.05 
24.11 
24.18 
24.26 
24.34 
24.42 
24.51 

Co 
J/mol·K 

43.35 
43.48 
43.59 
43.68 
43.74 
43.79 

43.82 
43.83 

13.B3 

43.77 
43.64 
43.48 
43.28 
43.05 
42.82 
42.57 
4231 

42.05 

41.79 
41.29 
40.80 
40.33 
39.88 
39.47 
39.07 
38.71 
38.36 
38.04 

37.74 
37.46 
37.20 
30.!!::' 

36.72 
36.51 
36.31 
M.Il 

35.95 
35.79 

35.64 
35.37 
35.13 
34.94 
34.77 
34.63 
34.51 
34.42 
34.34 
34.28 

34.24 
34.21 
34.20 
34.19 
34.19 
34.21 
34.22 
34.25 
34.28 
34.31 

Velocity 
of sound 

mls 

1417. 
1412. 
1406. 
1401. 
1396. 
139l. 

1386. 
1381. 

1376. 

1364. 
1353. 
1342. 
J332. 
1322. 
1312. 
J303. 
1294. 

1286. 

1277. 
1262. 
1247. 
1234. 
1221. 
1209. 
1198. 
]J88. 
1179. 
]]70. 

1162. 
1154. 
1147. 
JJ4J. 

1134. 
]]29. 
]]23. 
1118. 

1114. 
]J09. 

1105. 
1098. 
1092. 
1086. 
1082. 
1078. 
1074. 
1071. 
1069. 
1066. 

1065. 
1063. 
1062. 
106l. 
1061. 
1060. 
1060. 
1060. 
1061. 
1061. 



Temper· 
ature 
kelvin 

800 
850 
900 
950 

1000 
105U 
1100 
1150 
1200 

! 

\ 

Density 
mol/l 

16.07955 
15.51156 
14.98516 
14.49589 
14.03989 
1~.OI38U 

13.21469 
12.84001 
12.48750 

* 102.246 34.58094 
104 34.51692 
106 34.44091 
JOB 34.36193 

llO 34.28024 
112 34.19607 
114 34.10967 
116 34.02127 
118 33.93108 
120 33.83932 
122 33.74619 
124 33.65189 
126 33.55660 
128 33.46048 

130 33.36369 
132 33.26638 
134 33.16867 
13633.07069 
138 32.97256 
140 32.87436 
142 32.77619 
144 32.67813 
146 32.58026 
148 32.48262 

150 32.38529 
155 32.14360 
HiO 31.90470 
165 31.66902 
170 31.43684 
175 31?OB?1 

180 30.98353 
185 30.76250 
190 30.54522 
195 30.33162 

200 30.12164 
210 29.71217 
220 29.31604 
230 28.93246 
240 28.56066 
250 28.19992 
260 27.84960 
270 27.50910 
28027.17787 
290 26.85543 

300 26.54133 

Isotherm 
derivative 
j·barlmol 

226.09 
228.38 
230.97 
233.79 
236.79 
2,39.95 
243.23 
246.61 
250.08 

564.32 
552.49 
539.76 
5?7BO 

516.59 
506.09 
496.25 
487.04 
478.43 
470.36 
462.82 
455.75 
449.14 
442.93 

437.12 
431.65 
426.51 
421.68 
417.12 
412.81 
408.73 
404.87 
401.21 
397.72 

394.40 
386.72 
379.81 
373.51 
367.73 
3('? 35 

357.33 
352.61 
348.14 
343.89 

339.85 
332.27 
325.29 
318.83 
312.84 
307.27 
302.09 
297.27 
292.78 
288.61 

284.73 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

2.67 
2.50 
2.34 
2.21 
2.09 
1.98 

1.88 
1. 79 
1. 71 

20.18 
20.57 
20.92 
?l'21 

21.43 
21.59 
21.70 
21.76 
21.77 
21.75 
21.69 
21.61 
21.50 
21.37 

21.22 
21.05 
20.87 
20.68 
20.48 
20.27 
20.05 
19.83 
J9.61 
19.39 

J9.16 
J8.59 
18.03 
17.48 
16.94 
1(' 4.~ 

15.93 
15.45 
15.00 
14.57 

14.15 
13.38 
J2.68 
12.04 
11.45 
10.92 
10.43 
9.98 
9.57 
9.18 

8.83 

Internal 
energy . 
Jlmol 

15779.4 
17044.0 
18316.8 
19597.9 
20887.7 
22]86.0 

23492.5 
24807.0 
26129.1 

Enthalpy 
J/mol 

28217.6 
29937.6 
31663.3 
33395.0 
35132.8 
30870.9 

38627.1 
40383.3 
42145.2 

2200 bar Isobar 

-3176.2 
-3126.2 
-3068.4 
-~0I)9B 

-2950.3 
-2890.0 
-2829.0 
-2767.2 
-2704.8 
-2641.7 
-2578.1 
-2513.9 
-2449.3 
-2384.2 

-2318.8 
-2253.1 
-2187.0 
-2120.8 
-2054.3 
-J987.7 
-1920.9 
-J854.0 
-1787.1 
-1720.2 

-1653.2 
-1485.8 
-1318.8 
-1152.3 
-986.6 
-1\?1.7 

-657.8 
-494.9 
-333.1 
-172.4 

-12.8 
303.0 
614.4 
921.5 

1224.4 
1523.5 
1818.8 
2110.6 
2399.] 
2684.5 

2967.0 

3185.7 
3247.5 
3319.3 
:l:lQ? 6 

3467.4 
3543.4 
3620.8 
3699.3 
3778.9 
3859.6 
3941.2 
4023.6 
4106.8 
4190.7 

4275.2 
4360.2 
4445.7 
4531.7 
4617.9 
4704.5 
4791.3 
4878.3 
4965.4 
5052.7 

5140.0 
5358.5 
5576.8 
5794.5 
6011.6 
('??7.7 

6442.8 
6656.7 
6869.3 
7080.8 

7290.9 
7707.4 
8118.8 
8525.4 
8927.3 
9324.9 
9718.4 

10108.0 
10493.9 
10876.5 

11256.0 

Entropy 
J/mol·K 

156.30 
158.38 
160.36 
162.23 
164.0J 
165.71 

167.34 
168.90 
170.40 

76.80 
77.40 
78.08 
71\ 77 

79.45 
80.14 
80.82 
81.50 
82.18 
82.86 
83.54 
84.2] 
84.87 
85.53 

86.19 
86.84 
87.48 
88.12 
88.75 
89.37 
8'}.98 
90.59 
91.19 
91.79 

92.37 
93.81 
95.19 
96.53 
97.83 
QQ Oil 

100.29 
101.47 
102.60 
103.70 

104.76 
106.79 
108.71 
110.52 
112.23 
113.85 
115.39 
116.86-
118.27 
119.61 

120.90 

C,. 
Jlmol·K 

24.59 
24.82 
25.05 
25.27 
25.50 
25.71 

25.91 
26.10 
26.28 

28.71 
28.87 
29.05 
<;>Q.?<;> 

29.39 
29.54 
29.68 
29.81 
29.92 
30.03 
30.12 
30.20 
30.26 
30.32 

30.36 
30.40 
30.43 
30.44 
30.45 
30.45 
30.45 
30.44 
30.42 
30.39 

30.37 
30.28 
30.16 
30.04 
29.89 
?Q 74 

29.58 
29.42 
29.25 
29.08 

28.91 
28.58 
28.25 
27.93 
27.63 
27.35 
27.07 
26.82 
26.57 
26.35 

26.14 

Cp 

J/mol·K 

34.35 
34.45 
34.57 
34.70 
34.82 
54.94 

35.06 
35.18 
35.29 

34.89 
35.55 
36.30 
:l7.fI? 

37.71 
38.36 
38.97 
39.55 
40.08 
40.56 
41.01 
41.41 
41.78 
42.10 

42.39 
42.64 
42.86 
43.05 
43.21 
43.35 
43.45 
43.54 
43.60 
43.65 

43.68 
43.69 
43.62 
43.49 
43.32 
4.~ 1'1 

42.90 
42.66 
42.41 
42.16 

41.90 
41.39 
40.90 
40.42 
39.97 
39.55 
39.J5 
38.77 
38.42 
38.10 

37.79 

Velocity 
of sound 

m/s 

1062. 
1064. 
1067. 
1070. 
1074. 
1079. 

1084. 
1089. 
1095. 

1564. 
1558. 
1552. 
1!'.4!'.. 

1538. 
1532. 
1525. 
1519. 
1512. 
1506. 
1500. 
1494. 
1488. 
1482. 

1476. 
1470. 
1465. 
1459. 
1454. 
1448. 
1443. 
1438. 
1433. 
1428. 

1423. 
1411. 
1400. 
1389. 
1379. 
Ig6Q 

1360. 
1351. 
1342. 
1334. 

1326. 
1311. 
1297. 
128&. 
1271. 
1259. 
1249. 
1239. 
1229. 
1221. 

1212. 
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Temper· 
ature 
kelvin 

310 
320 . 

330 
340 
350 
360 

370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
54-0 
560 
580 

600 
620 
640 
660 
680 
700 

720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
IHio 
1150 
1200 

Density 
molll 

26.23518 
25.9::16Gl 

25.64529 
25.36090 
25.08317 
24.1111112 

24.54662 
24.28734 
24.03376 

23.78569 
23.30530 
22.84481 
22.40295 
21.97861 
21.57076 
21.17846 
20.80084 
20.43712 
20.08655 

19.74844 
19,42216 
19.10710 
18.80272 
18.50848 
18.22389 

17.94850 
17.68187 
17.42360 
1i.l7330 

16.93060 
16.35496 
15.81995 
15.32140 
14.85565 
14.41949 
14.01014 
13.62513 
13.26228 

• 105.210 34.82268 
106 34.79552 
108 34.72465 

110 34.65092 
112 34.57454 
114 34.49575 
116 34.41477 
118 34.33179 
120 34.24703 

122 34.16069 
124 34.07296 
126 33.98400 
128 ",.q 89401 

130 33.80312 
132 33.71I50 
134 33.61928 

Isotherm 
derivative 
l·bar/mol 

281.13 
277.77 

274.66 
271.77 
269.08 
266.S11 

264.27 
262.12 
260.13 

258.29 
255.01 
252.21 
249.83 
247.83 
246.17 
244.80 
243.69 
242.82 
242.16 

241.69 
241.39 
241.25 
241.24 
241.36 
241.00 

241.94 
242.37 
242.90 
243.50 

244.17 
246.13 
248,42 
250.98 
253.76 
256.72 
259.82 
263.05 
266.38 

594.62 
589.15 
575.89 

563.40 
551.67 
540.64 
530.29 
520.57 
511.47 

502.93 
494.92 
487.42 
4RO :-tR 

473.77 
467.57 
461.75 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

8.50 
6.19 

7.90 
7.64 
7.39 
7.16 

6.93 
6.72 
6.52 

6.34 
6.00 
5.69 
5.41 
5.15 
4.92 
4.71 
4.51 
4.33 
4.17 

4.01 
3.87 
3.73 
3.61 
3.49 
3.38 

3.28 
3.18 
3.09 
3.00 

2.92 
2.73 
2.56 
2.42 
2.29 
2.17 
2.06 
1.97 
1.88 

20.26 
20.43 
20.83 

21.15 
21.41 
21.61 
21. 75 
21.84 
21.89 

21.89 
21.87 
21.81 
?L 73 

21.62 
21.50 
21.35 

Internal 
energy 
J/mol 

3246.8 
3524.0 

3798.8 
4071.3 
4341.8 
1610.2 

4877.0 
5142.0 
5405,4 

5667,4 
6187.4 
6702.7 
7214.1 
7722.2 
8227.6 
8730.8 
9232.4 
9732.6 

10232.0 

10730.8 
11229.3 
11727.7 
12226.4 
12725.5 
13225.2 

13725.7 
14227.0 
14729.3 
15232.6 

15737.1 
17003.7 
18278.6 
19561.9 
20853.9 
22154,4 
23463. I 
24779.8 
26104.2 

Enthalpy 
Jlmol 

11632.5 
1200(;.2 

12377.4 
12746.1 
13112.6 
13-177.1 

13839.6 
14200.2 
14559.2 

14916.7 
15627.3 
16332.9 
17034.2 
17731.9 
18426.6 
19118.8 
19808.9 
20497,4 
21I84.6 

21870.9 
22556.5 
23241.8 
23926.9 
24612.0 
25291..) 

25983.0 
26669.1 
27355.8 
28043.2 

28731.3 
30455.3 
32185.1 
33920.9 
35663.1 
37411.5 
.39166.0 
40926.5 
42692.6 

2400 bar Isobar 

-3087.4 
-3065.4 
-3009.0 

-2951.8 
-2893.6 
-2834.6 
-2774.9 
-2714.3 

2653.0 

-259J.l 
-2528.6 
-2465.5 
-24{1} 9 

-2337.8 
-2273.3 
-2208.5 

3804.7 
3832.1 
3902.5 

3974.5 
4047.9 
4J22.7 
4198.9 
4276.3 
4354.9 

4434.5 
4515.1 
4596.7 
46790 

4762.1 
4845.9 
4930.3 

Entropy 
J/mol'K 

122.13 
123.32 

124.46 
125.56 
126.62 
127.65 

128.64 
129.60 
130.54 

131.44 
133.18 
134.82 
136.38 
137.86 
139.28 
140.64 
141.94 
143.19 
144.40 

145.56 
146.68 
147.77 
148.82 
149.85 
150.84 

151.81 
152.75 
153.66 
154.55 

155.43 
157.52 
159.49 
161.37 
163.16 
164.86 
166.50 
168.06 
169.56 

77.21 
77:47 
78.13 

78.79 
79.45 
80.11 
80.77 
81.43 
02.09 

82.75 
83.41 
84.06 
1111 71 

85.35 
85.99 
86.63 

C,. 
J/mol'K 

25.94 
25.7!:i 

25.58 
25.42 
25.27 
25.13 

25.00 
24.88 
24.77 

24.67 
24.50 
24.36 
24.24 
24.15 
24.09 
24.05 
24.02 
24.02 
24.02 

24.04 
24.08 
24.12 
24.17 
24.23 
24.30 

24.37 
24.45 
24.53 
24.61 

24.69 
24.91 
25.14 
25.36 
25.57 
25.78 
25.98 
26.17 
26.35 

28.52 
28.62 
28.85 

29.08 
29.29 
29.48 
29.66 
29.83 
29.90 

30.]) 
30.23 
30.33 
3042 

30.50 
30.56 
30.61 

C. 
Jlmol'K 

37.51 
37.24 

36.99 
36.76 
36.55 
36.34 

36.16 
35.98 
35.82 

35.67 
35.40 
35.17 
34.97 
34.81 
34.67 
34.55 
34.46 
34.39 
34.34 

34.30 
34.27 
34.26 
34.25 
34.26 
34.27 

34.29 
34.32 
34.35 
.34.39 

34.43 
34.54 
34.66 
34.78 
34.91 
35.03 
35.15 
35.27 
35.38 

34.51 
34.82 
35.60 

36.35 
37.07 
37.76 
38.40 
39.00 
39.:;(; 

40.08 
40.55 
40.98 
41.37 

41.72 
42.04 
42.~2 

Velocity 
o(sound 

mls 

1205. 
1190. 

1191. 
1185. 
1179. 
1173. 

1168. 
1163. 
1159. 

1155. 
1147. 
1140. 
lI34. 
1129. 
1125. 
1121. 
lll7. 
III 4. 
1112. 

1109. 
1107. 
1106. 
lI05. 
1104. 
1103. 

1102. 
1102. 
lI02. 
1102. 

1102. 
1104. 
1106. 
1109. 
1112. 
1116. 
1I20. 
1125. 
1130. 

1603. 
1600. 
1593. 

1586. 
1579. 
1572. 
1565. 
1559. 
1552. 

1546. 
1539. 
1533. 
1527. 

1521-
1515. 
1:'0<). 



Temper· 
ature 
kelvin 

136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
210 

.220 
230 
240 
250 
260 
270 

280 
290 

300 
310 
320 
330 
310 

350 
360 
370 
380 

390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
580 

600 
620 
640 
ooU 

680 
700 
720 
740 
760 
780 

800 

Density 
mol/l 

33.52659 
33.43355 
33.34026 
33.24683 
33.15334 
33.05988 
32.96652 

32.87333 
32.64142 
32.41164 
32.18451 
31.96040 
31.73957 
31.52215 
31.30823 
31.09781 
30.89089 

30.68741 
30.29050 
29.90644 
29.53449 
29.17392 
28.82402 
28.48414 
28.15370 

27.83215 
27.51900 

27.21380 
26.91617 
26.62574 
26.34217 
26.06517 

25.79445 
25.5297i 
25.27088 
25.01757 
24.76963 

24.52687 
24.05619 
23.60424 
23.16984 
22.75195 
22.34962 
21.96J 98 
21.58825 
21.22:]67 
20.87959 

20.54336 
20.21840 
19.90416 
J~.oUUj3 

19.30582 
J9.02079 
18.74460 
18.47687 
18.21720 
17.96525 

17.72068 

Isotherm 
derivative 
l·bar/mol 

456.27 
45l.ll 
446.25 
441.66 
437.32 
433.22 
429.33 

425.63 
417.15 
409.59 
402.78 
396.57 
390.86 
385.57 
380.63 
375.98 
371.58 

367.41 
359.62 
352.47 
345.84 
339.68 
333.94 
328.57 
323.56 

318.87 
314.49 

310.39 
306.57 
302.99 
299.64 
!21l6.S2 

293.60 
290.88 
288.34 
285.98 
283.77 

281. 71 
278.01 
274.82 
272.07 
269.71 
267.70 
266.01 
264.60 
263.44 
262.51 

261. 78 
261.24 
260.87 
20U.04 

260.56 
260.60 
260.76 
261.02 
261.37 
261.82 

262.34 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

21.19 
21.02 
20.83 
20.64 
20.44 
20.24 
20.03 

19.81 
19.27 
18.72 
18.18 
17.65 
17.13 
16.63 
16.15 
15.69 
15.25 

14.83 
14.04 
13.32 
12.66 

12.06 
11.51 
11.01 
10.55 
10.12 

9.72 

9.35 
9.01 
8.69 
8.40 
11.12 

7.86 
7.61 
7:38 
7.17 
6.96 

6.77 
6.41 
6.09 
5.79 
5.53 
5.29 
5.06 
4.86 
4.6i 
4.49 

4.33 
4.17 
4.03 
3.~O 

3.77 
3.66 
3.54 
3.44 
3.34 
3.25 

3.16 

Internal 
energy 
J/mol 

-2143.3 
-2077.9 
-2012.3 
-]946.4 
-1880.4 
-]8]4.3 
-1748.1 

-1681.8 
-1516.0 
-1350.2 
-1184.8 
-1020.0 

-855.9 
-692.6 
-530.3 
-369.0 
-208.7 

-49.5 
265.7 
576.6 
1:I1l1l.1I 

1185.9 
1484.7 
1779.7 
2071.3 

2359.6 
2644.8 

2927.1 
3206.7 
3483.8 
3758.5 
4030.0 

4301.3 
4569.7 
4836.3 
5101.2 
5364.6 

5626.5 
6146.4 
666].7 
7173.1 
7681.3 
8186.8 
8690.2 
9191.9 
9692.4 

10192.0 

10691.1 
J1190.0 
11688.8 
12187.9 

12687.5 
13187.7 
13688.6 
14190.5 
14693.3 
15197.2 

15702.3 

Enthalpy 

Jlmol 

5015.1 
5100.5 
5186.2 
5272.3 
5358.6 
5445.2 
5532.0 

5618.9 
5836.6 
6054.5 
6272.2 
6489.3 
6705.6 
6921.0 
7135.4 
7348.6 
7560.6 

7771.3 
8189.0 
8601.6 
!lOO!l.4 

9412.4 
9811.1 

10205.5 
10595.9 
10982.7 
11366.1 

1I746.2 
12123.3 
12497.6 
12869.3 
132311.6 

13605.6 
13970.5 
14333.4 
14694.5 
15053.9 

15411.7 
16123.0 
16829.3 
17531.4 
18229.8 
18925.2 
19618.1 
20309.1 
20998.4 
21686.5 

22373.7 
23060.3 
23746.6 
24432.8 

25119.0 
25805.5 
26492.3 
27179.7 
27867.7 
28556.4 

29245.8 

Entropy 
J/mol·K 

87.26 
87.88 
88.50 
89.11 
89.71 
90.31 
90.90 

91.48 
92.91 
94.29 
95.63 
96.93 
98.18 
99.40 

100.57 
101. 71 
102.81 

103.88 
105.91 
107.83 
1U~.b::' 

111.36 
112.99 
114.54 
116.01 

117 .42 
118.76 

120.05 
121.29 
122.47 
123.62 
124.72 

125.78 
126.81 
127.81 
128.77 
129.70 

130.6] 
132.34 
133.99 
135.55 
137.03 
138.45 
139.81 
141.12 
142.37 
143.58 

144.74 
145.87 
146.96 
148.01 

149.04 
150.03 
151.00 
151.94 
152.86 
153.75 

154.63 

Co' 
J/mol·K 

30.65 
30.68 
30.70 
30.72 
30.72 
30.72 
30.71 

30.69 
30.63 
30.53 
30.42 
30.28 
30.14 
29.98 
29.82 
29.65 
29.48 

29.31 
28.97 
28.64 
:'::1:1.111 

28.00 
27.70 
27.42 
27.15 

26.90 
26.66 

26.44 
26.23 
26.04 
25.85 
25.611 

25.53 
25.38 
25.24 
25.12 
25.00 

24.90 
24.71 
24.56 
24.43 
24.33 
24.26 
24.21 
24.18 
24.]6 
24.16 

24.18 
24.21 
24.25 
24.29 

24.35 
24.41 
24.48 
24.55 
24.63 
24.71 

24.79 

Cpo 
J/mo)·K 

42.56 
42.77 
42.95 
43.11 
43.24 
43.34 
43.43 

43.49 
43.57 
43.57 
43.49 
43.35 
43.18 
42.98 
42.76 
42.52 
42.27 

42.02 
41.51 
41.02 
4U.04 

40.08 
39.65 
39.24 
58.86 

38.50 
38.17 

37.86 
37.57 
37.30 
37.05 
36.S1 

36.59 
36.39 
36.20 
36.02 
35.86 

35.71 
35.43 
35.20 
35.01 
34.84 
34.70 
34.59 
34.50 
34.43 
34.38 

34.34 
34.32 
34.31 
34.31 

34.32 
34.33 
34.35 
34.38 
34.42 
34.45 

34.49 

Velocity 
of sound 

m/s 

1504. 
1498. 
1493. 
1488. 
1482. 
1477. 
1472. 

1467. 
1456. 
1444. 
1434. 
1424. 
1414. 
1405. 
1396. 
1387. 
1379. 

1371. 
1356. 
1342. 
133U. 

1317. 
1306. 
1296. 
1286. 

1276. 
1268. 

1260. 
1252. 
1245. 
1238. 
1232. 

1226. 
1220. 
1215. 
1210. 
1205. 

1201. 
ll93. 
ll86. 
ll80. 
ll74. 
1169. 
lJ65. 
1161. 
1158. 
1155. 

1152. 
1150. 
1148. 
1140. 

1145. 
1144. 
1143. 
1142. 
ll42. 
1142. 

ll42. 
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898 

Temper· 
ature 
kelvin 

850 
900 
950 

1000 
1050 
1100 
1150 
1200 

Density 
molll 

17.13947 
16.59792 
16.09207 
15.61847 
15.17409 
14.75624 
14.36255 
13.99094 

• 108.109 35.05439 
110 34.99163 
112 34.92258 
114 34.85098 
116 34.77702 
118 34.70090 

120 34.62283 
122 34.54299 
l!H 31.16156 

126 34.37871 
128 34.29463 
130 34.20945 
132 :14.1 ?!l?4 

134 34.03644 
136 33.94888 
138 33.86078 

140 33.77226 
142 33.68342 
144 33.59436 
146 33.50517 
148 33.41592 
150 33.32670 
155 33.10417 
160 32.88304 
165 32.66395 
170 32.44738 

175 32.23365 
180 32.02298 
185 31.81550 
190 31.6]]28 
195 31.41033 
200 31.21265 
210 30.82688 
220 30.45345 
230 30.09171 
240 29.74099 

250 29.40060 
260 29.06992 
270 28.71935 

280 28.43535 
290 28.13045 
300 27.83319 
310 27.54318 
320 27.26006 
330 26.98350 
340 26.71320 

Isotherm 
derivative 
I·bar/mol 

263.96 
265.95 
268.25 
270.80 
273.56 
276.48 
279.55 
282.74 

624.43 
611.44 
598.46 
586.23 
574.71 
563.87 

553.68 
544.]] 
535.11 

526.66 
518.73 
511.27 
::;0427 

497.69 
491.50 
485.68 

480.20 
475.03 
470.15 
465.54 
461.18 
457.06 
447.63 
439.29 
431.84 
425.12 

419.00 
413.37 
408.15 
403.28 
398.70 
394.37 
386.35 
379.01 
372.23 
36:;.92 

360.04 
354.52 
319.35 

344.50 
339.95 
335.67 
331.65 
327.88 
324.34 
321.02 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

2.96 
2.78 
2.62 
2.48 
2.36 
2.24 
2.14 
2.04 

20.29 
20.70 
21.05 
21.34 
21.57 
21.74 

21.87 
21.95 
21.98 

21.99 
21.96 
21.90 
21.22 

21. 71 
21.59 
21.45 

21.30 
21.13 
20.95 
20.77 
20.58 
20.38 
19.87 
19.35 
18.B2 
18.30 

17.78 
17.29 
16'BO 
16.34 
15.B9 
15.46 
14.66 
13.93 
13.26 
12.64 

12.08 
11.56 
11.08 

10.64 
10.23 
9.B5 
9.50 
9.17 
8.87 
8.58 

Internal 
energy 
Jlmol 

16970.6 
18247.1 
19532.2 
20825.9 
22128.2 
23438.8 
24757.4 
26083.6 

Enthalpy 
J/mo! 

30973.3 
32706.7 
34446.4 
36192.4 
37944.7 
39703.2 
41467.5 
43237.6 

2600 bar Isobar 

-2998.5 
-2946.3 
-2890.2 
-2833.2 
-2775.3 
-2710.0 

-2657.1 
-2596.9 
-25.')~.9 

-2474.3 
-2412.2 
-2349.4 
-22B6.3 

-2222.6 
-2158.6 
-2094.3 

-2029.6 
-1964.7 
-1899.6 
-1834.2 
-1768.8 
-1703.2 
-1538.9 
-1374.4 
-1210.1 
-1046.2 

-882.8 
-720.1 
-558.3 
-397.4 
-237.5 
-78.6 
236.1 
546.7 
853.1 

1155.5 

1454.0 
1749.0 
2040.4 

2328.6 
2613.7 
2895.9 
3175.4 
3452.3 
3726.9 
3999.3 

4418.6 
4484.1 
4554.8 
4627.1 
4700.9 
4T1b.U 

4852.4 
4930.0 
:;008.7 

5088.5 
. 5169.2 

5250.8 
5333.2 

5416.2 
5500.0 
5584.2 

5669.0 
5754.2 
5839.8 
5925.8 
6011.9 
6098.4 
6315.1 
6532.4 
6749.7 
6966.8 

7183.3 
7399.0 
7613.8 
7827.5 
8040.0 
8251.4 
8670.3 
9084.3 
9493.3 
9897.0 

10297.4 
10692.9 
11084.4 

11472.1 
11856.3 
12237.2 
12615.1 
]2990.1 
]3362.4 
13732.3 

Entropy 
J/mol·K 

156.72 
158.70 
160.58 
162.37 
164.08 
165.72 
167.29 
168.80 

77.60 
78.20 
78.84 
79.48 
80.12 
HU.7b 

81.40 
82.04 
82.68 

83.32 
83.96 
84.59 
BS.22 

85.84 
86.46 
87.0B 

87.69 
88.29 
88.89 
89.48 
90.07 
90.65 
92.07 
93.45 
94.79 
96.08 

97.34 
98.55 
99.73 

100.87 
101.97 
103.05 
105.09 
107.02 
108.83 
110.55 

112.19 
113.74 
11:;.22 

116.63 
117.97 
119.26 
120.50 
121.69 
122.84 
123.94 

C,. 
J/mol·K 

25.00 
25.22 
25.44 
25.65 
25.85 
26.05 
26.23 
26.41 

28.43 
28.70 
28.97 
29.22 
29.46 
~\I.67 

29.87 
30.04 
50.20 

30.34 
30.47 
30.57 
30.67 

30.75 
30.81 
30.87 

30.91 
30.94 
30.97 
30.98 
30.98 
30.98 
30.94 
30.87 
30.77 
30.65 

30.51 
30.36 
30.20 
30.04 
29.87 
29.70 
29.35 
29.01 
28.67 
28.35 

28.04 
27.75 
27.47 

27.21 
26.96 
26.73 
26.51 
26.31 
26.12 
25.94 

Cp 

J/mo!·K 

34.61 
34.73 
34.86 
34.98 
35.11 
35.23 
35.35 
35.46 

34.23 
35.00 
35.77 
36.52 
37.22 
37.89 

38.51 
39.09 
39.63 

40.13 
40.58 
40.99 
41.37 

41.71 
42.01 
42.27 

42.50 
42.71 
42.88 
43.0:~ 

43.15 
43.26 
43.42 
43.48 
43.46 
43.37 

43.23 
43.05 
42.85 
42.63 
42.39 
42.15 
41.65 
41.15 
40.66 
4U.~U 

39.76 
39.35 
38.96 

38.59 
38.25 
37.94 
37.64 
37.36 
37.]] 
36.87 

Velocity 
of sound 

m/s 

1142. 
1143. 
1146. 
1148. 
1152. 
1155. 
1160. 
1164. 

1638. 
1631. 
1624. 
1617. 
1610. 
1603. 

1596. 
1590. 
1583. 

1577. 
1571. 
1564. 
1550. 

1552. 
1547. 
1541. 

1535. 
1530. 
1525. 
lSlQ. 

1514. 
1509. 
1497. 
1486. 
1475. 
1465. 

1456. 
1446. 
1438. 
1429. 
1421. 
1414. 
1399. 
1385. 
1373. 
1::561. 

1350. 
1340. 
1530. 

1321. 
1312. 
1304. 
1296. 
1289. 
1282. 
1276. 



Temper· 
ature 
kelvin 

350 
360 
370 
380 
390 
400 

420 
440 
460 
490 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
1100 

1150 
1200 

Density 
mol/l 

26.44888 
26.19030 
25.93722 
25.68943 
25.44674 
25.20096 

24.74745 
24.30367 
23.87651 
23.46490 

23.06820 
22.68535 
22.31571 
21.95858 
21.61334 
2L27941 
20.95624 
20.64332 
20.34018 
20.04638 

19.76149 
19.48513 
19.21691 
18.95649 
18.70353 
18.45773 
17.87260 
17.32611 
16.81455 
16.33465 

15.88352 
1:,,4:'lltJU 

15.05762 
14.67857 

• 110.947 35.27718 
112 35.24411 
II 4 35. I 7927 
ll6 35.ll196 
118 35.04237 

120 34.97067 
122 34.89704 
124 34.82166 
126 34.74471 
128 34.66633 
130 34.58669 
132 34.50593 
134 34.42420 
136 34.34163 
138 34.25835 

140 34.17448 
142 34.09012 
144 34.00538 
146 33.92036 
148 33.83513 

Isotherm 
derivative 
l·bar/mol 

317.90 
314.98 
312.23 
309.67 
307.26 
30::;.01 

300.93 
297.36 
294.25 
291.::;6 

289.23 
287.23 
285.52 
284.09 
282.89 
281.91 
2!lLlil 

280.53 
280.10 
279.81 

279.66 
279.63 
279.72 
279.91 
280.20 
280.57 
281.85 
283.55 
285.58 
287.90 

290,45 
lYlI.IY 

296.10 
299.14 

653.80 
646.42 
6.'12.98 
620.28 
608.31 

597.01 
586.37 
576.35 
566.92 
558.05 
549.70 
541.84 
534.45 
527.50 
520.96 

514.79 
508.98 
503.50 
498.33 
493.44 

THERMODYNAMIC PROPERTIES OF NITROGEN 

Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

8.31 
8.06 
7.82 
7.59 
7.38 
7.10 

6.81 
6.47 
6.17 
[,.09 

5.64 
5.40 
5.19 
4.99 
4.80 
4.63 
447 

4.32 
4.18 
4.05 

3.92 
3.81 
3.70 
3.59 
3,49 
3,40 

3.19 
3.00 
2.83 
2.68 

2.54 
:1.42 

2.31 
2.21 

20.30 
20.54 
20.92 
21.24 
21.50 

21.70 
21.85 
21.96 
22.02 
22.05 
22.05 
22.02 
21.96 
21.88 
21.77 

21.66 
21.52 
21.37 
21.2J 
21.0:; 

Internal 
energy 

J/mol 

4269.5 
4537.9 
4804.4 
5069.3 
5332.6 

6114.3 
6629.5 
7140.9 
7649.0 

8154.6 
8658.1 
9159.9 
9660.5 

10160.3 
10659.5 
11'159.6 

11657.7 
12157.1 
12657.0 

13157.5 
13658.8 
14161.1 
14664.3 
15168.7 
15674.2 
16943.7 
18221.5 
19508.0 
20803.2 

22107.0 
23419.2 
24739.3 
26067.1 

Enthalpy 
J/mol 

14099.8 
14465.2 
14828.6 
15190.2 
15550.0 
1::;906.3 

16620.4 
17327.5 
18030.2 
18729.4 

19425.5 
20119.2 
20810.9 
2]501.0 
22189.9 
22877.9 
23565.4 

24252.6 
24939.7 
25626.9 

263]4.4 
27002.4 
27690.8 
28379.9 
29069.8 
29760.5 
3149J.l 
33227.8 
34970.8 
36720.3 

38476.2 
40238.3 
42006.3 
43780.0 

2800 bar Isobar 

-2909.2 
-2880.6 
-2825.5 
-2769.5 
-2712.5 

-2654.7 
-2596.1 
-25::167 

-2476.6 
-2415.9 
-2354.5 
-2292.6 
-2230.2 
-2167.3 
-2104.0 

-2040.4 
- J 976.4 
-J912.J 
-J847.7 
-1783.0 

5027.9 
5064.0 
5J3.3.7 
5205.0 
5277.8 

5352.0 
5427.5 
5S04 ? 

5582.1 
566J.l 
5741.J 
5821.9 
5903.6 
5986.1 
6069.2 

6J52.9 
6237.1 
6321.8 
6407.0 
6492.5 

Entropy 
J/moi·K 

125.01 
126.04 
127.03 
128.00 
128.93 
129.84 

131.58 
133.22 
134.78 
136.27 

137.69 
139.05 
140.36 
141.61 
142.82 
143.99 
145-.12 

146.2J 
147.26 
148.29 

149.29 
150.26 
151.20 
152.12 
153.01 
153.89 
155.99 
157.97 
159.86 
161.65 

163.36 
165.00 
166.58 
168.09 

77.97 
78.29 
78.91 
79.53 
80.15 

80.77 
81.40 
82_02 

82.65 
83.27 
83.89 
84.50 
85.12 
85.73 
86.34 

86.94 
87.54 
88.13 
88.72 
89.30 

Cl' 
J/moi·K 

25.78 
25.62 
25.48 
25.35 
25.22 
23.11 

24.91 
24.75 
24.61 
24.51 

24.42 
24.36 
24.33 
24.31 
24.30 
24.31 
2~.33 

24.37 
24.41 
24.46 

24.52 
24.58 
24.65 
24.73 
24.80 
24.88 
25.09 
25.30 
25.51 
25.72 

25.92 
26.]] 
26.30 
26.47 

28.42 
28.59 
28.90 
29.18 
29.45 

29.69 
29.91 
30.1I 

30.30 
30.46 
30.60 
30_7.1 

30.84 
30.93 
31.01 

31.07 
3I.l3 
3I.l7 
3],20 
31.22 

Cp 

J/mol·K 

36.64 
36.44 
36.25 
36.07 
35.90 
35.75 

35.47 
35.24 
35.04 
34.00 

34.74 
34.6.1 
34.54 
.34.47 
34.42 
34.39 
31.36 

34.36 
34.36 
.34.37 

34.38 
34.41 
34.44 
34.47 
34.51 
34.56 
34.67 
34.80 
34.93 
35.05 

35.18 
35.30 
35.42 
35.53 

34.04 
34.47 
35.27 
36.03 
36.75 

37.43 
38.07 
311.67 

39.2.3 
39.74 
40.21 
40/\4 

41.04 
41.39 
4L71 

42.00 
42.25 
42A7 
42.66 
42.83 

Velocity 
of sound 

mls 

1270. 
1265. 
1259. 
1254. 
1249. 
1245. 

]237. 

1229. 
1223. 
1217. 

1212. 
1207. 
1203. 

1199. 
1196. 
1193. 
1190. 

Il88. 
1186. 
1185. 

1183. 
1182. 
1181. 
IlBO. 
1180. 
1179. 
1179. 
Il80. 
llBL 
]]84. 

1186. 
1190. 
1193. 
1197. 

1672. 
1668. 
1661. 
1653. 
1646. 

1639. 
1632. 
162S. 

1619. 
1612. 
1606. 
1600_ 

1593. 
1587. 
1582. 

1576. 
1570. 
1565. 
1560. 
1554. 
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900 

Temper. 

ature 
kelvin 

ISO 
155 
160 
165 
170 

175 
180 
185 
190 

195 
200 
210 
220 
230 
240 

250 
260 
270 
280 
290 
300 
310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 

440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
1100 
1150 

Density 
molll 

33.74978 
33.53635 
33.32357 
33.11219 
32.90278 

32.69575 
32.49138 
32.28987 
32.09135 
31.89587 
31.70344 
31.32770 
30.96378 
30.61114 
30.26916 

29.93721 
29.61468 
29.30099 
28.99562 
28.69807 
28.40792 
28.12476 
27.84824 
27.57801 
27.31380 

27.05532 
26.80233 
26.55460 
26.31192 
26.07411 
25.84097 
25.38808 

24.95206 
24.53185 
24.12651 

23.73521 
23.35717 
22.99171 
22.63819 
22.29601 
21.96465 
21.64358 
21.33234 
21.0304~ 

20.73760 

20.45330 
20.17721 
19.90898 
19.64829 
19.39483 
19.14830 
18.56052 
18.01039 
17,49440 
17.00945 

16.55279 
16.12198 
15.7]485 

Isotherm 
derivative 
I· bar/mol 

488.82 
478.31 
469.06 
460.86 
453.53 

446.90 
440.86 
435.30 
430.16 
425.35 
420.84 
412.53 
404.99 
398.04 
391.60 

385.59 
379.95 
374.65 
369.66 
364.97 
360.54 
356.36 
352.43 
348.72 
345.23 

341.93 
338.83 
335.91 
333.17 
330.58 
328.15 
323.72. 

319.81 
316.37 
313.35 

310.71 
308.42 
306.43 
304.73 
303.28 
302.06 
301.05 
300.23 
299.58 
299.09 

298.75 
298.55 
298.46 
298.49 
298.62 
298.85 
299.79 
30J.l9 
302.96 
305.04 

307.38 
309.94 
312.68 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

20.87 
20.40 
J9.91 
19.40 
]8.89 

18.39 
17.90 
17.4] 
16.95 

]6.50 
]6.07 
15.25 
14.51 
13.82 
13.19 

12.61 
12.08 
11.59 
11.14 
10.72 
10.33 
9.97 
9.63 
9.32 
9.02 

8.74 
8.48 
8.24 
8.00 
7.78 
7.58 
7.19 

6.84 
6.53 
6.24 

5.97 
5.73 
5.51 
5.30 
5.11 
4.93 
4.76 
4.60 
4.45 
4.31 

4.18 
4.06 
3.95 
3.84 
3.73 
3.63 
3.41 
3.21 
3.03 
2.87 

2.73 
2.59 
2.48 

Internal 
energy 
J/mo] 

-1718.1 
-1555.4 
-1392.2 
-1228.9 
-1065.9 

-903.2 
-741.2 
-579.9 
-419.4 

-259.8 
- )01.1 

213.2 
523.5 
829.7 

1132.0 

1430.4 
1725.3 
2016.6 
2304.8 
2589.8 
2872.0 
3151.4 
3428.3 
3702.8 
3975.1 

4245.4 
4513.7 
4780.1 
5045.0 
5308.2 
5570.0 
6089.1 

6604.9 
7116.2 
7624.3 

8129.8 

8633.3 
9135.1 
9635.8 

10135.6 
10635.0 
11134.2 
11633.5 
12133.1 
12633.1 

1:ln~.<J 

13635.4 
14137.9 
14641.5 
15146.2 
15652.0 
16922.4 
18201.2 
19488.9 
20785.3 

22090.3 
23403.7 
24725.2 

Enthalpy 
J/mo} 

6578.3 
6793.8 
7010.3 
7227.2 
7444.0 

7660.6 
7876.5 
8091.6 
B30S.7 
8518.8 
8730.7 
9151.0 

'9566.3 
9976.7 

10382.3 

10783.3 
11180.0 
11572.6 
11961.4 
12346.5 
12728.4 
13107.0 
13482.8 
13855.8 
14226.4 

14594.5 
14960.5 
15324.5 
15686.5 
16046.8 
16405.5 
11118.::' 

17826.4 
18529.9 
19229.8 

19926.7 
20621.0 
21313.4 
22004.3 
22693.9 
23382.8 
24071.1 
24759.1 
25447.1 
26135.2 

?IiR2:'I1i 

27512.5 
28201.9 
28892.1 
29583.0 
30274.7 
32008.2 
33747.8 
35494.0 
37246.7 

39005.9 
40771.3 
42542.7 

Entropy 
Ifmol·K 

89.87 
91.29 
92.66 
94.00 
95.29 

96.55 
97.76 
98.94 

lOO.OB 

101.19 
102.26 
104.31 
106.25 
108.07 
109.80 

111.43 
112.99 
114.47 
115.89 
117.24 
118.53 
119.77 
120.97 
122.11 
123.22 

124.29 
125.32 
126.32 
127.28 
128.22 
129.13 
J3U.1l6 
132.51 
134.07 
135.56 

136.99 
138.35 
139.65 
140.91 
142.12 
143.29 
144.42 
145.51 
146.57 
147.60 

ld.ll.59 

149.56 
150.51 
151.43 
152.33 
153.20 
155.30 
157.29 
159.18 
160.98 

162.69 
164.34 
165.91 

C,. 
J/mol·K 

31.23 
31.23 
31.18 
31.10 
30.99 

30.87 
30.72 
30.57 
30.M) 

30.23 
30.06 
29.71 
29.36 
29.02 
28.69 

28.37 
28.07 
27.78 
27.5} 
27.25 
27.01 
26.79 
26.57 
26.37 
26.}9 

26.02 
25.85 
25.70 
25.56 
25.44 
25.32 
2S.11 
24.93 
24.79 
24.67 

24.58 
24.52 
24.47 
24.44 
24.43 
24.44 
24.45 
24.48 
24.52 
24.57 

24.62 

24.68 
24.75 
24.82 
24.8g 
24.97 
25.17 
25.38 
25.59 
25.79 

25.99 
26.17 
26.35 

Cp 

J/mol·K 

42.97 
43.22 
43.35 
43.39 
43.35 

43.25 
43.11 
42.93 
42.72 

42.50 
42.27 
41.78 
41.28 
40.80 
40.33 

3g.88 

39.46 
39.06 
38.69 
38.34 
38.02 
37.72 
37.44 
37.18 
36.93 

36.70 
36.49 
36.30 
36.12 
35.95 
35.79 
35.51 
35.28 
35.08 
34.91 

34.78 
34.67 
34.58 
34.51 
34.46 
34.43 
34.41 
34.40 
34.40 
34.41 

34.43 

34.46 
34.49 
34.53 
.~4 .<;7 

34.61 
34.73 
34.86 
34.99 
35.12 

35.25 
35.37 
35.49 

Velocity 
of sound 

mls 

1549. 
1537. 
1526. 
ISIS. 
1505. 

1495. 
1486. 
1477. 
1469. 

1461. 
1453. 
1439. 
1426. 
1413. 
1402. 

lag] 

1381. 
1371. 
1362. 
1354. 
1346. 
1338. 
1331. 
1325. 
1318. 

1312. 
1307. 
1301. 
1296. 
1291. 
1287. 
1279. 
1271. 
1264. 
1258. 

1253. 
1248. 
1243. 
1239. 
1236. 
1232. 
1230. 
1227. 
1225. 
1223. 

1221. 
1220. 
1218. 
1217. 
1217_ 

1216. 
1215. 
1215. 
]216. 
1218. 

f220. 
1223. 
1226. 



I 

Temper· Density 
ature molll 
kelvin i 

1200 15.32944 

• lIS.729 35.49198 
114 35.48391 
116 35.42288 
118 35.35947 

120 35.29384 
122 35.22615 
J24 35.J5658 
126 35.08528 
128 35.0J242 
130 34.938J3 
152 34.lJt>Z!:> I 

134 34.78587 
136 34.70818 
138 34.62961 

140 34.55028 
142 34.47032 
144 34.3898J 
116 31.30997 

148 34.22758 
ISO 34.14603 
155 33.94151 
160 33.73689 
165 33.53301 
170 33.33051 

175 33.12990 
180 32.93J53 
185 32.73567 
190 32.54248 
195 32.35208 
200 32.16452 
210 31.79796 
220 31.44267 
230 31.09823 
240 30.76410 

250 30.43970 
260 30.12447 
270 29.81783 
280 29.51929 
290 29.22835 
300 28.94459 
310 28.(j(j7(j1 

320 28.39705 
330 28.13258 
340 27.87391 

350 27.62077 
360 27.37291 
370 27.13010 
380 26.89215 
390 26.65885 
400 26.43004 
420 25.98523 
440 25.55655 
460 25.14298 

Isotherm 
derivative 
I·barlmol 

315.57 

682.75 
680.81 
666.95 
653.83 

641.43 
629.71 
618.64 
608.21 
598.36 
589.08 
;'lJU.<S4 

572.10 
564.33 
557.02 

550.12 
543.62 
537.48 
531. 70 

526.23 
521.06 
509.33 
499.05 
489.99 
481.93 

474.71 
468.17 
462.2J 
456.73 
451.65 
446.90 
438.25 
430.46 
423.34 
416.76 

410.62 
404.87 
399.47 
394.37 
389.55 
385.00 
3lJU.tJ!/ 

376.62 
372.77 
369.13 

365.69 
362.43 
359.35 
356.45 
353.70 
35l.l1 
346.36 
342.13 
338.38 

THERMODYNAMIC PROPERTIES Of NITROGEN 901 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

2.37 

20.29 
20.35 
20.76 
21.10 

21.39 
21.62 
21.80 
21.93 
22.02 
22.08 
:!:!.1U 

22.09 
22.05 
21.99 

21.9J 
21.81 
21. 70 
21.57 

21.43 
21.27 
20.85 
20.40 
19.92 
19.43 

18.94 
18.46 
17.98 
17.52 
17.07 
16.64 
15.82 
15.06 
14.36 
13.72 

J3.13 
12.59 
12.08 
11.62 
IU9 
10.79 
lOA:! 

10.07 
9.75 
9.44 

9.16 
8.89 
8.64 
8.40 
8.17 
7.96 
7.56 
7.20 
6.87 

; 

Internal Enthalpy 
energy J/mol 
J/mol 

26054.3 44319.8 

3000 bar Isobar 

-2819.5 
-2812.2 
-2758.0 
-2702.7 

-2646.6 
-2589.5 
-2531.7 
-2473.1 
-2413.7 
-2353.7 
-2293.0 
-2231.8 
-2170.1 
-2107.9 

-2045.2 
-1982.2 
-1918.8 

lO!iG.2 

-1791.3 
-1727.J 
-1566.0 
-1404.2 
-1242.0 
-1079.9 

-<llR 0 

-756.5 
-595.7 
-435.6 
-276.3 
-]]7.9 

196.1 
506.1 
812.2 

ll14.4 

1412.8 
1707.7 
1999.0 
2287.2 
2572.2 
2854.4 
il133.8 

3410.7 
3685.2 
3957.5 

4227.7 
4495.9 
4762.4 
5027.2 
5290.4 
5552.1 
6071.8 
6586.8 
7098.0 

5633.1 
5642.3 
571J.! 
5781.6 

5853.5 
5926.9 
6001.6 
6077.5 
6154.7 
6232.9 
6312.2 
6392.4 
6473.4 
6555.2 

6637.8 
6720.9 
6804.7 
6888.9 

6973.6 
7058.7 
7272.7 
7488.2 
7704.4 
7920.9 

R1.373 

8353.3 
8568.6 
8783.1 
8996.7 
9209.1 
9630.6 

10047.3 
10459.1 
10866.0 

11268.4 
11666.3 
12060.1 
12450.0 
12836.2 
13219.0 
13598.6 
13975.2 
J4349.0 
14720.2 

15089.1 
15455.7 
15820.2 
16182.8 
16543.7 
J6902.9 
J 7616.8 
18325.5 
19029.8 

Entropy 
J/mol·K 

167.42 

78.32 
78.41 
79.00 
79.61 

80.21 
80.82 
81.42 
82.03 
82.64 
83.25 
83.85 
84.45 
85.05 
85.65 

86.24 
86.83 
87.42 
88.00 

88.58 
89.15 
90.55 
91.92 
93.25 
94.54 

95.20 

97.0] 
98.19 
99.34 

100.45 
101.52 
103.58 
105.52 
107.35 
109.08 

110.72 
112.28 
113.77 
115.19 
116.54 
117.84 
lJ9.09 
120.28 
121.43 
122.54 

123.61 
124.64 
125.64 
126.61 
127.55 
128.46 
130.20 
131.85 
133.41 

C,. 
Jlmol·K 

26.53 

28.46 
28.51 
28.85 
29.17 

29.46 
29.73 
29.97 
30.19 
30.39 
30.57 
30.73 
30.87 
31.00 
31.10 

31.19 
31.27 
31.33 
31.38 

31.42 
31.45 
31.48 
31.46 
31.40 
31.31 

31.19 

31.06 
30.91 
30.75 
30.58 
30.41 
30.06 
29.70 
29.35 
29.01 

28.69 
28.37 
28.08 
27.80 
27.53 
27.28 
27.05 
26.83 
26.62 
26.43 

26.25 
26.08 
25.92 
25.77 
25.64 
25.51 
25.29 
25.11 
24.96 

Cp 

J/mol·K 

35.60 

33.90 
34.01 
34.82 
35.59 

36.33 
37.02 
37.67 
38.29 
38.86 
:W.38 
39.87 
40.32 
40.72 
41.10 

4l.43 
41.73 
42.00 
42.24 

42.44 
42.62 
42.97 
43.18 
43.29 
43.30 

13.25 

43.14 
42.99 
42.81 
4?IiO 

42.38 
41.91 
41.42 
40.94 
40.46 

40.01 
39.58 
39.18 
38.80 
38.45 
38.11 
37.81 
37.52 
37.25 
37.00 

36.77 
36.55 
36.36 
36.17 
36.00 
35.84 
35.56 
35.32 
35.12 

Velocity 
of sound 

mls 

1230. 

1704. 
1703. 
1695. 
1688. 

1680. 
1673. 
1666. 

J659. 
16[,2-
1646. 
16:W. 

1633. 
1627. 
1621. 

1615. 
1609. 
1604. 
1598. 

1593. 
1588. 
1575. 
1564. 
1553. 
1542. 

1533. 

1524. 
1515. 
1507. 
1<199 

1491. 
1477. 
1464. 
1452. 
1440. 

1430. 
1420. 
1411. 
1402. 
1393. 
1386. 
1378. 
1371. 
1365. 
1358. 

1352. 
1347. 
1341. 
1336. 
1331. 
1327. 
J318. 
13J I. 
1304. 
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Temper· 
ature 
kelvin 

480 

500 
520 
540 
560 
580 
600 
620 
640 
660 
680 

700 
720 
740 
760 

780 
800 
850 
900 
950 

1000 

1050 

noo 
1150 
1200 

Density 
mol/l 

24.74362 

24.35766 
23.98437 
23.62310 
23.27325 
22.93427 
22.60563 
22.28688 
21.97756 
21.67727 
21.38560 

21.10221 
20.82673 
20.55886 
20.29020 

20.04469 
19.79784 
19.20842 
18.65567 
18.13628 
17.64731 

17.18614 

16.75042 
16.33809 
15.94725 

* 116.458 35.69959 
118 35.65500 

120 35.59513 
122 35.5331 I 
124 35.46909 
126 35.40323 
128 35.33567 
130 3.'i.2M50 

132 35.19603 
134 35.12423 
136 35.05128 
130 34.97732 

140 34.90244 
142 34.82678 
144 34.75044 
146 34.67352 
148 34.59611 
150 34.51830 
155 34.32256 
160 34.12597 
165 33.92944 
170 33.73370 

175 33.53933 
180 33.34676 
185 33.15630 
190 32.96819 
195 32.78259 
200 32.59959 

Isotherm I 
derivative I 
l·bar/mol 

335.07 

332.14 
329.56 
327.31 
325.35 
323.65 
322.19 
320.96 
319.92 
319.07 
318.39 

317.87 
317.48 
317.23 
:lli.l0 

317.08 
317.16 
317.77 
318.86 
320.37 
322.21 

324.34 
326.71 
329.28 
332.02 

711.31 
700.39 

686.87 
674.07 
661.96 
650.50 
639.67 
629.43 

619.77 
610.65 
602.04 
G93.91 

586.24 
579.01 
572.18 
565.73 
559.63 
553.87 
540.80 
529.38 
519.34 
510.46 

502.54 
495.42 
488.98 
483.10 
477.68 
472.66 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

barK 

6.58 

6.30 
6.05 
5.82 
5.60 
5.40 
5.21 
::'.04 

4.87 
4.72 
4.58 

4.44 
4.31 
4.19 
4.00 

3.97 
3.86 
3.63 
3.42 
3.23 
3.06 

2.91 
2.77 
2.64 
2.53 

20.24 
20.57 

20.94 
21.25 
21.50 
21. 71 
21.86 
21.98 

22.06 
22.10 
22.12 
22.11 

22.07 
22.01 
21.93 
21.83 
21.72 
21.60 
21.24 
20.83 
20.38 
19.92 

19.45 
18.98 
18.51 
18.06 
17.61 
17.17 

Internal 
energy 
J/mQ! 

7606.1 

8111.5 
8614.9 
9116.8 
9617.4 

10117.2 
10616.6 
11115.9 

11615.2 
12114.9 
12615.1 

13115.9 
13617.7 
]4120.3 
14624.1 

15129.0 
15635.1 
16906.1 
18185.7 
19474.2 
20771.5 

22077.6 
23392.0 
24714.6 
26044.8 

Enthalpy 
J/mol 

19730.4 

20428.0 
21123.1 
21816.2 
22507.7 
23198.1 
23887.7 
24570.7 

25265.5 
25954.3 
26643.2 

27332.5 
28022.2 
28712.6 
29403.7 

30095.5 
30788.3 
32524.3 
34266.6 
36015.6 
37771.3 

39533.5 
41302.0 
43076.6 
44856.8 

3200 bar Isobar 

-2729.2 
-2687.8 

-2633.2 
-2577.7 
-2521.3 
-2464.2 
-2406.2 
-2S47.5 

-2288.1 
-2228.0 
-2167.4 

2106.3 

-2044.7 
-1982.6 
-1920.1 
-1857.3 
-1794.2 
-1730.8 
-1571.4 
-1410.9 
-1249.9 
-1088.7 

-927.6 
-766.8 
-606.5 
-446.8 
-287.8 
-129.6 

6234.5 
6287.1 

6356.8 
6428.0 
6500.6 
6574.6 
6649.8 
0720.S 

6803.9 
6882.5 
6962.1 
7042.5 

7123.7 
7205.7 
7288.4 
7371.6 
7455.4 
7539.6 
7751.9 
7966.1 
8181.4 
8397.3 

8613.4 
8829.3 
9044.8 
9259.6 
9473.5 
9686.4 

Entropy 
J/mol'K 

134.90 

136.33 
137.69 
139.00 
140.25 
141.47 
142.63 
143.70 

144.86 
145.92 
146.95 

147.94 
148.92 
149.86 
150.70 

151.68 
152.56 
154.66 
156.66 
158.55 
160.35 

162.07 
163.71 
165.29 
166.81 

78.67 
79.12 

79.70 
80.29 
80.88 
81.47 
82.07 
82.00 

83.25 
83.84 
84.43 
85.02 

85.60 
86.18 
86.76 
87.34 
87.91 
88.47 
89.86 
91.22 
92.55 
93.84 

95.09 
96.31 
97.49 
98.63 
99.74 

100.82 

C,. 
J/mol·K 

24.S:j 

24.73 
24.66 
24.61 
24.57 
24.56 
24.56 
24.57 

24.60 
24.63 
24.67 

24.72 
24.78 
24.84 
24.91 

24.98 
25.06 
25.25 
25.45 
25.66 
25.85 

26.05 
26.23 
26.41 
26.58 

28.54 
28.83 

29.17 
29.48 
29.77 
30.04 
30.28 
SO.49 

30.69 
30.86 
31.01 
31.15 

31.27 
31.37 
31.45 
31.53 
31.58 
31.63 
31.70 
31.71 
31.67 
31.60 

31.50 
31.37 
31.23 
31.08 
30.91 
30.74 

Cp 

J/mol·K 

34.':1::' 

34.81 
34.70 
34.61 
34.55 
34.50 
34.46 
S4.44 

34.44 
34.44 
34.45 

34.47 
34.50 
34.54 
34.67 

34.61 
34.66 
34.78 
34.91 
35.05 
35.18 

35.31 
35.43 
35.55 
35.66 

33.81 
34.43 

35.21 
35.96 
36.66 
37.32 
37.94 
S8.52 

39.05 
39.55 
40.01 
40.43 

40.81 
41.16 
41.48 
41.76 
42.01 
42.23 
42.67 
42.97 
43.14 
43.22 

43.21 
43.15 
43.03 
42.87 
42.69 
42.49 

Velocity 
of sound 

m/s 

1298. 

1292. 
1287. 
1282. 
1278. 
1274. 
1270. 
1267. 

1265. 
1262. 
1260. 

1258. 
1256. 
1255. 
1253. 

1252. 
1251. 
1250. 
1250. 
1250. 
1251. 

1253. 
1255. 
1258. 
1261. 

1734. 
1728. 

1721. 
1713. 
1706. 
1699. 
1692. 
1685. 

1678. 
1671. 
1665. 
1659. 

1653. 
1647. 
1641. 
1636. 
1630. 
1625. 
1612. 
1600. 
1589. 
1579. 

1569. 
1559. 
1551. 
1542. 
1535. 
1527. 



Temper· 
ature 
kelvin 

210 
220 
230 
240 

250 

260 
270 
280 
290 

300 
310 
320 
330 
340 

350 
360 
370 
380 
390 
400 
420 
440 
460 
480 

500 
520 
540 
560 
580 
600 
620 
640 

660 
680 

700 

720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
lIOO 
1150 
1200 

Density 
mol/l 

32.24159 
31.89424 
31.55728 
31.23028 

30.91272 

30.60406 
30.30379 
30.01140 
29.72613 

29.44845 
29.17706 
28.91192 
28.65269 
28.39908 

28.15082 
27.90767 
27.66940 
27.43582 
27.20672 
26.98193 
26.54469 
26.12293 
25.71567 
25.32204 

24.94125 
24.57260 
24.21548 
23.86931 
23.53357 
23.20777 
22.89146 
22.58422 

22.28568 
21.99545 

21. 71320 

21.43861 
21.17136 
20.91117 
20.65777 
20.41089 
19.82064 
19.26612 
18.74418 
18.25203 

17.78717 
17.34738 
16.93064 
16.53516 

• 119.137 35.90068 
120 35.87692 
122 35.82030 
124 35.76159 
126 35.70093 
128 35.63847 

Isotherm 
derivative 
I·bar/mol 

463.59 
455.51 
448.18 
441.44 

135.19 

429.32 
423.82 
418.62 
413.71 

409.05 
404.64 
400.45 
396.48 
392.72 

389.14 
385.76 
382.54 
379.50 
376.61 
373.87 
368.83 
364.32 
360.28 
356.68 

353.48 
350.65 
348.14 
345.93 
343.99 
342.31 
340.86 
339.62 

338.57 
337.70 

336.99 

336.43 
336.01 
335.72 
335.55 
335.49 
335.76 
336.56 
337.80 
339.41 

341.32 
343.50 
345.90 
348.49 

739.50 
733.28 
719.41 
706.24 
693.76 
681.93 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

barK 

16.35 
15.58 
14.88 
14.22 

13.62 

13.07 
12.56 
12.08 
11.64-

11.23 
10.85 
10.50 
10.16 
9.85 

9.56 
9.28 
9.02 
8.78 
8.55 
8.33 
7.92 
7.55 
7.21 
6.90 

6.62 
6.36 
6.12 
5.90 
5.69 
5.49 
5.31 
5.14 

4.98 
4.83 

4.69 

4.56 
4.43 
4.31 
4.20 
4.09 
3.84 
3.62 
3.42 
3.25 

3.09 
2.94 
2.81 
2.69 

20.17 
20.36 
20.75 
21.08 
21.36 
21.59 

Internal 
energy 
l/mol 

184.0 
493.9 
799.9 

1102.1 

1400.5 

1695.4 
1986.8 
2275.0 
2560.1 

2842.2 
3121. 7 
3398.6 
3673.1 
3945.4 

4215.6 
4483.9 
4750.3 
5015.0 
5278.2 
5540.0 
6059.5 
6574.5 
7085.6 
7593.5 

8098.9 
8602.2 
9103.9 
9604.5 

10104.3 
10603.7 
11102.9 
11602.3 

12101.9 
12602.2 

13103.1 

13604.9 
14107.7 
14611.5 
15116.6 
15622.8 
16894.3 
18174.5 
19463.6 
20761.7 

22068.5 
23383.8 
24707.3 
26038.4 

Enthalpy 
llmol 

10109.1 
10527.0 
10940.2 
11348.6 

11752.3 
12151.5 
12546.5 
12937.6 
]33'24.9 

13708.7 
14089.2 
14466.7 
14841.4 
15213.4 

15583.0 
15950.3 
16315.4 
16678.6 
17040.0 
17399.7 
18114.6 
18824.2 
19529.4 
20230.8 

20929.1 
21624.9 
22318.6 
23010.9 
23701.9 
24392.2 
25081.9 
25771.4 

26460.9 
27150.6 

271340.7 

28531.2 
29222.4 
29914.4 
30607.1 
31300.7 
33039.1 
34784.0 
36535.6 
38294.0 

40059.0 
41830.4 
43607.9 
45391.1 

3400 bar Isobar 

-2638.1 
-2615.1 
-2561.1 
-2506.2 
-2450.4 
-2393.8 

6832.4 
6861.7 
6930.7 
7001.2 
7073.2 
7146.5 

Entropy 
l/mo]·K 

102.88 
104.83 
106.67 
108.40 

110.05 

lII.62 
113.11 
114.53 
115119 

117.19 
118.44 
119.64 
120.79 
121.90 

122.97 
124.01 
125.01 
125.98 
126.91 
127.83 
129.57 
131.22 
132.79 
134.28 

135.71 
137.07 
138.38 
139.64 
140.85 
142.02 
143.15 
144.25 

145.31 
146.34 

147.34 

148.31 
149.26 
150.18 
151.08 
151.96 
154.06 
156.06 
157.95 
159.76 

161.48 
163.13 
164.71 
166.22 

79.00 
79.25 
79.82 
80.39 
80.97 
81.54 

C,. 
J/mol·K 

30.39 
30.03 
29.67 
29.32 

?II 99 

28.67 
28.36 
28.07 
27J'1O 
27.54 
27.30 
27.07 
26.86 
26.65 ' 

26.47 
26.29 
26.13 
25.98 
25.84 
25.71 
25.47 
25.28 
25.12 
24.99 

24.88 
24.80 
24.74 
24.70 
24.68 
24.68 
24.68 
24.70 

24.73 
24.77 

24.S2 
24.88 
24.94 
25.00 
25.07 
25.14 
25.33 
25.53 
25.72 
25.92 

26.11 
26.29 
26.47 
26.63 

28.66 
28.82 
29.19 
29.52 
29.83 
30.11 

C. 
J/mol·K 

42.03 
41.56 
41.07 
40.60 

4014 
39.71 

39.30 
38.91 
38.55 
38.21 
37.90 
37.60 
37.33 
37.08 

36.84 
36.62 
.36.42 
36.23 
36.05 
35.89 
35.60 
35.36 
35.16 
34.99 

34.85 
34.74 
34.65 
34.58 
34.53 
34.50 
34.48 
34.47 

34.48 
34.49 

34.61 

34.54 
34.58 
34.62 
34.66 
34.71 
34.83 
34.96 
35.10 
35.23 

35.37 
35.49 
35.61 
35.72 

33.74 
34.09 
34.88 
35.62 
36.33 
37.00 

Velocity 
of sound 

m/s 

1513. 
1500. 
1488. 
1477. 

1467. 
1457. 
1448. 
1439. 
1431. 
1423. 
1416. 
1409. 
1403. 
1396. 

J:l9I. 

laSS. 
1:580. 

la7S. 
I:mJ. 
1.>65. 
1357. 
1349. 
1342. 
1335. 

1329. 
1324. 
1319. 
1315. 
1311. 
1307. 
1304. 
1301. 

1298. 
1296. 

1293. 

1291. 
1290. 
1288. 
1287. 
1286. 
1284. 
1283. 
1283. 
1283. 

1285. 
1287. 
1289. 
1292. 

1763. 
1760. 
1752. 
1744. 
1737. 
1729. 
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Temper-

alure 
kelvin 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

200 
2lO 
220 
230 
240 
250 
260 

270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
42U 

440 
460 
480 
500 
520 
540 
560 
500 

600 
620 
640 
660 
680 
700 
720 
740 

Density 

mol/l 

35.57435 
35.50870 
35.44164 
35.37331 
35.30383 
35.23332 
35.16187 
35.08962 
35.01665 
34.94306 

34.86894 
34.68188 
34.49323 
34.30396 
34.11489 
33.92664 
33.73973 
33.55453 
33.37132 
33.19033 

33.01168 
32.66174 
32.32180 
31.99176 
31.67130 
31.35998 
31.0.~i.32 

30.76283 
30.47603 
30.19647 

29.92374 
29.65744 
29.39723 
29.14279 
28.89381 
28.65003 
28.41121 
28.17713 
27.94758 
27.72237 

27.50134 
2"fflJ 17 

26.65593 
26.25465 
25.86649 
25.49067 
25.12654 
24.77348 
24.43096 
24.09046 

23.77553 
23.46174 
23.15670 
22.86003 
22.57140 
22.29047 
22.01695 
21.75054 

lsot'herlll 

derivative 

I·bar/mol 

670.74 
660.14 
650.11 
640.63 
631.67 
623.20 
615.19 
607.63 
600.48 
593.72 

587.32 
572.81 
560.13 
549.01 
539:21 
530.50 
522.72 
515.72 
509.36 
503.56 

498.21 
488.63 
480.20 
472.62 
465.70 
459.30 
d53 . .33 

447.73 
442.44 
437.44 

432.70 
428.20 
423.92 
419.85 
415.98 
412.30 
408.79 
405.46 
402.29 
399.28 

396.42 
:1':1 1.12 

386.34 
382.05 
378.19 
374.74 
371.65 
368.90 
366.45 
364.29 

362.39 
360.73 
359.28 
358.04 
356.99 
356.lO 
355.37 
354.79 
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Thermodynamic properties of nitrogen-Continued 

lqnchorp 

derivative 
bar·K 

21.77 
21.91 
22.01 
22.08 
22.11 
22.12 
22.11 
22.07 
22.01 
21.93 

21.83 
21.54 
21.19 
20.78 
20.36 
19.91 
19.46 
19.00 
18.55 
18.11 

17.68 
16.86 
16.08 
15.37 
14.71 
14.lO 
13.53 

13.01 
12.53 
12.08 

11.66 
11.27 
10.91 
lO.57 
10.25 

9.95 
9.66 
9.40 
9.15 
8.91 

8.68 
1:1.26 

7.88 
7.54 
7.22 
6.93 
6.66 
6.41 
'6.18 
Z.97 

5.77 
5.58 
5.40 
5.24 
5.08 
4.94 
4.80 
4.66 

Tntf?rn;:ll 

energy 

l/mol 

-2336.3 
-2278.2 
-2219.3 
-2159.8 
-2099.8 
-2039.2 
-1978.1 
-1916.5 
-1854.6 
-1792.3 

-1729.6 
-1571.9 
-1412.9 
-1253.1 
-lO92.9 
-932.6 
-772.4 
-612.6 
-453.3 
:"294.7 

-136.8 
176.5 
486.2 
792.2 

1094.4 
1392.9 
J687.8 

1979.3 
2267.6 
2552.7 

2835.0 
3114.5 
3391.5 
3666.0 
3938.3 
4208.5 
4476.8 
4743.2 
5007.9 
5271.1 

5532.8 
6U:'2.:1 

6567.1 
7078.2 
7586.0 
8091.3 
8594.5 
9096.1 
9596.6 

10096.3 

lO595.6 
11094.7 
11594.0 
12093.7 
12593.9 
13094.8 
13596.6 
14099.4 

Rnth,.}py 

l/mol 

7221.1 
7296.9 
7373.9 
7451.9 
7530.9 
7610.8 
7691.5 
7772.9 
7855.1 
7937.8 

8021.2 
8231.5 
8444.1 
8658.3 
8873.4 
':IU8':1.U 

9304.7 
9520.2 
9735.1 
9949.3 

10162.6 
10586.3 
11005.5 
11419.9 
11829.7 
12234.7 
1?63S .'l 

13031.6 
13423.9 
13812.3 

14197.2 
14578.7 
14957.2 
15332.7 
15705.6 
16075.9 
16443.9 
16809.7 
17173.6 
17535.6 

17895.8 
Hl61 1.-' 
19322.3 
20028.2 
20730.4 
21429.5 
22126.0 
22820.4 
23513.3 
24205.1 

24896.0 
25586.4 
26276.6 
26966.8 
27657.2 
28348.0 
29039.3 
29731.2 

Entropy 

l/mol'K 

82.12 
82.70 
83.28 
83.86 
84.43 
85.01 
85.58 
86.15 
86.72 
87.28 

87.84 
89.22 
90.57 
91.89 
93.17 
':14.42 

95.64 
96.82 
97.96 
99.07 

lOO.16 
102.22 
lO4.17 
lO6.02 
lO7.76 
lO9.41 
]10 Qll 

112.48 
113.91 
115.27 

116.57 
117.83 
119.03 
120.18 
121.30 
122.37 
123.41 
124.41 
125.38 
126.32 

127.23 
1211.':Ill 

130.63 
132.20 
133.69 
135.12 
136.49 
137.80 
139.06 
140.27 

141.44 
142.57 
143.67 
144.73 
145.76 
146.76 
147.74 
148.68 

C,. 

l/mol·K 

30.36 
30.59 
30.80 
30.99 
31.15 
31.30 
31.42 
31.53 
31.63 
31. 71 

31.77 
31.88 
31.93 
31.92 
31.87 
:11.'Ill 

31.67 
31.54 
31.39 
31.23 

31.06 
30.70 
30.34 
29.98 
29.62 
29.28 
?8 Q.~ 

28.64 
28.34 
28.06 

27.79 
27.54 
27.30 
27.08 
26.88 
26.68 
26.50 
26.33 
26.17 
26.03 

25.89 
25.65 

25.44 
25.27 
25.13 
25.02 
24.93 
24.87 
24.83 
24.00 

24.79 
24.79 
24.81 
24.84 
24.87 
24.92 
24.97 
25.02 

Cp 

l/mol·K 

37.62 
38.21 
38.75 
39.26 
39.72 
40.15 
40.55 
40.90 
41.23 
41.52 

41.79 
42.32 
42.70 
42.95 
43.09 
4:1.14 

43.12 
43.04 
42.92 
42.76 

42.57 
42.15 
41.69 
41.21 
40.74 
40.28 
.'lQ 8d 

39.42 
39.03 
38.66 

38.32 
38.00 
37.70 
37.42 
37.16 
36.91 
36.69 
36.48 
36.29 
36.11 

35.95 
35.65 
35.41 
35.20 
35.03 
34.88 
34.77 
34.68 
34.61 
34.::;6 

34.53 
34.51 
34.51 
34.51 
34.53 
34.55 
34.58 
34.62 

Velocity 
of sound 

m/s 

1722. 
1715. 
1709. 
1702. 
1696. 
1689. 
1683. 
1677. 
1672. 
1666. 

1661. 
1648. 
1635. 
1624. 
1613. 
100". 

1594. 
1585. 
1577. 
1,';69. 

1561. 
1547. 
1535. 
1523. 
1512. 
1502. 
ldQ? 

1483. 
1475. 
1467. 

1459. 
1452. 
1445. 
1439. 
1433. 
1427. 
1421. 
1416. 
1411. 
1406. 

1402. 
13':13. 

1385. 
1378. 
1372. 
1366. 
1360. 
1355. 
1350. 
1346. 

1342. 
1339. 
1336. 
1333. 
1330. 
1328. 
1326. 
1324. 



Temper-
ature 
kelvin 

760 
780 

800 
850 
900 

950 
1000 
1050 
1100 

1150 
1200 

Density 
mol/l 

21.49097 
21.23797 

20.99132 
20.40089 
19.81526 

]9.32147 
18.82684 
18.35901 
17.91583 

17.49538 
17.09592 

• 121.768 36.09583 
122 36.08976 
124 36.03611 
126 35.98044 
128 35.92288 

130 35.86356 
132 35.80260 
134 35.74014 
136 35.67630 
138 35.61119 
140 35.54492 
142' 35.47761 
144 35.40936 
146 35.34027 
148 35.27045 

1:;0 3:;.19997 

155 35.02150 
160 34.84071 
165 34.65865 
170 34.47617 

175 34.29398 
180 34.11265 
J85 33.93260 
190 33.75419 
195 33.57766 

200 33.40320 
210 33.06098 
220 32.72804 
230 32.40448 
240 32.09008 
250 31.78452 
260 31.48736 
270 31.19816 
280 30.91647 
290 30.64186 

300 30.37392 
310 30.11227 
320 29.85658 
330 29.60651 
340 29.36179 
350 29.12213 
360 28.88731 
370 28.65709 

Isotherm 
derivative 
I·bar/mol 

354.34 
354.02 

353.82 
353.76 
354.27 

355.24 
356.6J 
358.31 
360.30 

362.53 
364.96 

767.35 
765.65 
751.45 
737.95 
725.12 

712.95 
701.41 
690.47 
680.10 
670.29 
660.99 
652.19 
643.86 
635.98 
628.52 

621.46 

605.41 
591.39 
579.09 
563.27 

558.69 
550.16 
542.52 
535.62 
529.36 

523.63 
513.45 
504.60 
496.72 
489.58 
483.03 
476.94 
471.23 
465.86 
460.79 

455.97 
451.39 
447.03 
442.87 
438.9J 

, 435.14 

431.54 
428.10 

THERMODYNAMIC PROPERTIES OF NITROGEN 905 

Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

4.54 
4.42 

4.31 
4.05 
3.92 

3.61 
3.43 
3.26 
3.11 

2.97 
2.84 

20.08 
20.13 
20.55 
20.90 
21.20 

21.44 
21.65 
21.81 
21.93 
22.02 
22.08 
22.11 
22.11 
22.09 
22.05 

21.99 

21.77 
21.48 
21.13 
.20.13 

20.32 
19.89 
19.45 
19.02 
J8.58 

18.16 
17.34 
16.56 
15.84 
15.J7 
14.55 
13.98 
J3.45 
12.95 
12.50 

12.07 
11.67 
11.30 
10.95 
10.63 
10.32 
10.03 
9.76 

Internal 
energy 
J/mol 

14603.3 
15108.5 

15614.8 
16886.6 
19167.1 

19456.7 
20755.3 
22062.8 
23373.3 

24702.9 
26034.9 

Enthalpy 
Jlmo) 

30424.0 
31117.5 

31812.0 
33552.5 
35200.7 

37053.7 
38814.7 
40582.3 
42356.4 

44136.7 
45922. i 

3600 bar Isobar 

-2546.4 
-2540.2 
-2486.7 
-2432.2 
-2376.9 

-2320.7 
-2263.8 
-2206.1 
-2147.7 
-2088.7 
-2029.1 
-1969.0 
-1908.4 
-1847.3 
-1785.8 

-172:3.9 

-1567.9 
-1410.4 
-1251.9 
-1092.7 

-933.3 
-773.8 
-614.5 
-455.7 
-297.4 

'-139.8 
173.2 
482.7 
788.6 

1090.8 
1389.4 
1684.4 
1976.0 
2264.4 
2549.6 

2832.0 
311 J.6 
3388.6 
3663.2 
3935.6 
4205.8 
4474.1 
4740.5 

7427.1 
7434.9 
7503.3 
7573.2 
7644.6 

7717.3 
7791.4 
7866.6 
7943.0 
8020.5 
8098.9 
8178.2 
8258.4 
8339.4 
8421.0 

050:3.:3 

8711.5 
8922.3 
9135.1 
9349.3 

9564.2 
9779.5 
9994.7 

10209.6 
10424.0 

]0637.6 
1l062.1 
11482.4 
11898.2 
12309.2 
12715.7 
13117.6 
13515.2 
13908.7 
14298.3 

14684.3 
15066.9 
15446.3 
15822.7 
16196.4 
16567.6 
16936.3 
li302.9 

Entropy 
J/mol·K 

149.61 
150.51 

151.39 
153.50 
155.50 

157.39 
159.20 
160.92 
16~,57 

164.16 
165.68 

79.33 
79.39 
79.95 
80.51 
81.07 

81.63 
82.20 
82.76 
83.33 
83.89 
84.46 
85.02 
85.58 
86.14 
86.69 

07.25 

88.61 
89.95 
91.26 
02.51 

93.79 
95.00 
96.18 
97.32 
98.44 

99.52 
101.59 
103.55 
105.39 
107.14 
108.80 
110.38 
111.88 
113.31 
114.68 

115.99 
117.24 
118.45 
119.60 
120.72 
121.80 
122.83 
123.84 

C" 
J/mol·K 

25.09 
25.15 

25.22 
25.40 
25.60 

25.79 
25.98 
26.17 
?6,3S 

26.52 
26.68 

28.79 
28.84 
29.22 
29.57 
29.89 

30.18 
30.45 
30.69 
30.91 
31.ll 
31.28 
31.43 
31.57 
31.69 
31.79 

:31.87 

32.03 
32.11 
32.13 
32.10 

32.04 
31.94 
31.82 
31.68 
31.52 

31.36 
31.00 
30.64 
30.27 
29.91 
29.56 
29.23 
28.90 
28.60 
28.31 

28.03 
27.78 
27.53 
27.30 
27.09 
26.89 
26.70 
26.53 

Cp 

J/mo)·K 

34.66 
34.70 

34.75 
34.88 
35.01 

35.]5 
35.29 
35.42 
1l!U;4 

35.66 
35.78 

33.70 
33.80 
34.58 
35.33 
36.03 

36.70 
37.33 
37.92 
38.47 
38.98 
39.45 
39.89 
40.29 
40.66 
40.99 

41.29 

41.92 
42.39 
42.72 
12.92 

43.03 
43.06 
43.02 
42.93 
42.80 

42.64 
42.25 
41.81 
41.34 
40.87 
40.41 
39.97 
39.55 
39.15 
38.78 

38.43 
38.10 
37.79 
37.50 
37.24 
36.99 
36.76 
36.55 

Velocity 
of sound 

m/s 

1322. 
1320. 

1319. 
1317. 
1315. 

1315. 
1315. 
1316. 
1.~17. 

1319. 
1322. 

1791. 
1790. 
1782. 
1774. 
1767. 

1759. 
1752. 
1745. 
1738. 
1732. 
1725. 
1719. 
1713. 
1707. 
1701. 

1695. 

1682. 
1669. 
1658. 
1617. 

1637. 
1627. 
1618. 
1610. 
1602. 

1594. 
1580. 
1568. 
1556. 
1545. 
1535. 
1526. 
1517. 
1509. 
1501. 

1494. 
1487. 
1480. 
1474. 
1468. 
1462. 
1456. 
1451. 
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906 

Temper· 
ature 
kelvin 

380 
390 

400 
420 
440 
460 

480 
500 
520 
6.40 

560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

BOO 
850 
900 
950 

1000 
1050 
1100 
ll50 
1200 

• 124.356 

126 
128 

130 
132 
134 
136 
138 
140 
142 
144 
146 
148 

150 
155 
160 
165 
170 
175 
180 
185 
190 
195 

Density 
molll 

28.43128 
28.20968 

27.99214 
27.56858 
27.15947 
26.76386 

26.38090 
26.00986 
25.65008 
25.30090 

24.96203 
24.63275 

24.31270 
24.00146 
23.69868 
23.40398 
2::l117()!'i 

22.83757 
22.56526 
22.29984 
22.04106 
21.78867 

21.54242 
20.95232 
20.39615 
19.87108 
19.37457 
18.90435 
18.45836 
18.03477 
17.63191 

36.20554 

36.24353 
36.19066 

36.13596 
36.07953 
36.02151 
35.96201 
35.90114 
35.83902 
35.77574 
35.71141 
35.64-614 
35.58001 

35.51312 
35.34313 
35.17014 
34.99524 
34.81932 
34.64315 
34.46735 
34.29240 
34.11870 
33.94655 

Isotherm 
derivative 
)'barimol 

424.83 
421. 71 

418.74 
413.21 
408.20 
403.66 

399.57 
395.88 
392.56 
389.58 

386.9]' 
384.53 

382.42 
380.56 
378.92 
377.49 
376.25 

375.19 
374.30 
373.56 
372.96 
372.49 

372.15 
371. 76 
371.97 
372.69 
373.82 
375.31 
377.11 
379.16 
381.44 

794.87 

782.99 
769.18 

756.04 
743.56 
731.69 
720.43 
709.75 
699.6] 
690.00 
680.89 
672.25 
664.07 

656.32 
638.65 
623.20 
609.64 
597.71 
587.17 
577.82 
569.46 
561.95 
555.17 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

9.50 
9.26 

9.03 
8.60 
8.21 
7.85 

7.53 
7.23 
6.96 
(j.70 

6.46 
6.24 

6.03 
5.84 
5.66 
5.49 
5.33 

5.17 
5.03 
4.89 
4.77 
4.64-

4.53 
4.26 
4.02 
3.80 
3.61 
3.44 
3.28 
3.13 
3.00 

19.98 

20.32 
20.69 

21.01 
21.28 
21.50 
21.69 
21.83 
21.94 
22.02 
22.01 
290Q 

22.09 

22.07 
21.93 
21.70 
21.40 
21.06 
20.68 
20.28 
19.86 
19.44 
19.02 

Internal 
energy 
Jlmo) 

5005.3 
5268.4 

5530.1 
6049.5 
6564.3 
(U·(;'.:l 

7582.9 
8088.0 
8591.1 
9092.6 
9593.0 

10092.6 

10591.8 
)]090.8 
11590.0 
12089.6 
12509.7 

13090.6 
13592.4 
14095.2 
14;;99.1 

15104.2 

15610.6 
16882.5 
18163.3 
19453.2 
20752.2 
22060.1 
23376.7 
24701.4 
26034.0 

Enthalpy 
llmol 

17667.4 
18030.0 

18390.8 
19107.8 
19819.3 
:l0526.2 

21229.2 
2]929.0 
22626.2 
:l:5J:!l.J 

24014.9 
24707.3 

25398.8 
26089.9 
26780.7 
27471.6 
28162.7 

28854.1 
29546.1 
30238.8 
30P32.3 

31626.6 

32321.8 
34064.4 
35813.7 
37570.0 
39333.3 
41103,4 
42880.0 
44662.9 
46451.5 

3800 bar Isobar 

-24:'3.H 

-2410.0 
-2356.0 

-2301.0 
-2245.3 
-2188.7 
-2131.4 
-2073.5 
-2014.9 
-]955.7 
-1896.0 
-1835.8 

-1775.2 

-1714.1 
-1559.9 
-1403.9 
-1246.6 
-]088.5 
-930.0 
-771.3 
-612.6 
-454.3 
-296.4 

Hum.? 
8074.6 
8144.0 

8214.8 
8287.0 
8360.5 
8435.3 
8511.1 
8588.1 
8666.0 
8744.8 
l!8!M.5 

8905.0 

8986.2 
<llol (j 

9400.7 
9612.0 
9824.9 

10039.0 
10253.7 
10468.5 
10683.3 
10897.7 

Entropy 
J/mo)·K 

124.81 
125.75 

126.67 
128.42 
130.07 
131.64 
133.14 
134.57 
135.93 
137.:l4 

138.51 
139.72 

140.89 
142.03 
]43.12 
144.19 
145.22 

146.22 
147.19 
148.14 
119.07 

149.97 

150.85 
IS? Ot) 

154.96 
156.86 
158.67 
160.40 
162.05 
163.64-
165.16 

79.64-
80.09 
80.64 

Bl.lB 
81.74 
82.29 
82.84 
83.40 
83.95 
84.50 
85.05 
86..60 

86.15 

86.70 
88_04 

89.37 
90.67 
91.94 
93.18 
94.39 
95.57 
96.72 
97.83 

e,. 
Jlmol·K 

26.36 
26.21 

26.07 
25.82 
25.60 
25.43 
25.28 
25.16 
25.07 
25.00 
24.95 
24.91 

24.90 
24.90 
24.91 
24.93 
24.97 

25.01 
25.05 
25.11 
25.17 

25.23 

25.30 
25_48 

25.66 
25.85 
26.04 
26.22 
26.40 
26.57 
26.73 

28.94 
29.26 
29.62 

29.96 
30.26 
30.54 
30.79 
31.02 
31.22 
31.40 
31.56 
31.71 

31.83 

31.94 
32.11 

32.26 
32.32 
32.31 
32.27 
32.19 
32.08 
31.95 
31.80 

Cp 

J/mol·K 

36.35 
36.17 

36.00 
35.70 
35.45 
35.24 
35.06 
34.92 
34.80 
34.71 
34.65 
34.60 

34.56 
34.55 
34.54 
34.55 
34.::'0 

34.59 
34.62 
34.65 
34.69 

34.74 

34.79 
31.92 

35.06 
35.20 
35.33 
35.47 
35.60 
35.72 
35.83 

33.68 
34.32 
35.06 

35.77 
36.44 
37.06 
37.65 
38.21 
38.72 
39.20 
39.64-
40.05 

40.42 

40.76 
41.40 

42.04 
42.44 
42.72 
42.89 
42.97 
42.98 
42.92 
42.B2 

Velocity 
of sound 

mls 

1446. 
1441. 

1437. 
1428. 
1420. 
1413. 
1407. 
1401. 
1395. 
1390. 
1385. 
1381. 

1377. 
1373. 
1370. 
1366. 
1364. 

1361. 
1359. 
1357. 
1355. 

1353. 

1352. 
1349. 

1347. 
1346. 
1346. 
1346. 
1347. 
1349. 
1351. 

1817. 
1811. 
1803. 

1795. 
1788. 
1781. 
1773. 
1767. 
1760. 
1753. 
1747. 
1741-

1735. 

1729. 
1715. 

1703. 
1691. 
1679. 
1669. 
1659. 
1650. 
164-2. 
1634. 



Temper. 
ature 
kelvin 

200 
210 
220 
230 
240 
250 
260 
270 
280 
:!YU 

300 
310 
320 
330 
340 
350 
360 

370 
380 
390 

400 
420 
440 
4/i0 
480 
500 
520 
540 
560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 

]]50 
1200 

Density 
molll 

33.77619 
33.44142 
33.11518 
32.79775 
32.48905 
32.18885 
31.89679 
31.61247 
31.33547 
31.06540 

30.80186 
30.54449 
30.29294 
30.04690 
29.80608 
29.57023 
29.33909 

29.11245 
28.89010 
28.67187 

28.45757 
28.04019 
27.63685 
27,?4/iSR 
26.86857 
26.50210 
26.14651 
25.80124 
25.46578 
25.13967 

24.82247 
24.51380 
24.21329 
23.92062 
23.63546 
23.35752 
23.08653 
22.82223 
22.56436 
22.31271 

22.06704 
21.47768 
20.92142 
20.39554 
19.89764 
19.42552 
18.97724 

18.55101 
18.14523 

• 126.901 36.47023 
128 36.44340 

130 36.39312 
132 36.34105 

Isotherm 
derivative 
l·bar/mol 

548.99 
538.12 
528.77 
520.54 
513.14 
506.40 
500.17 
494.36 
488.91 
483.75 

478.86 
474.21 
469.78 
465.56 
461.52 
457.67 
4:;3.99 

450.47 
447.10 
443.89 

440.82 
435.09 
429.87 
4?S I? 

420.81 
416.90 
413.36 
410.17 
407.29 
404.71 

402.40 
400.34 
398.51 
396.90 
395.49 
394.26 
393.21 
392.31 
391.56 
390.95 

390.47 
389.76 
389.68 
390.13 
391.03 
392.31 
393.91 

395.79 
397.91 

822.09 
814.05 

799.95 
786.52 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

18.60 
17.79 
17.02 
16.29 
15.62 
14.99 
14.41 
13.87 
13.37 
12.90 

12.47 
12.06 
11.69 
11.33 
11.00 
10.68 
]0.39 

10.11 
9.85 
9.60 

9.36 
8.92 
8.53 
R,16 

7.83 
7.52 
7.24 
6.98 
6.73 
6.51 

6.29 
6.10 
5.91 
5.73 
5.57 
5.41 
5.26 
5.12 
4.99 
4.86 

4.74 
4.46 
4.21 
3.99 
3.79 
3.61 
3.44 

3.29 
3.15 

19.85 
20.09 

20.48 
20.81 

Internal 
energy 
J/mol 

-139.0 
173.5 
482.9 
788.7 

1091.0 
1389.6 
1684.8 
1976.5 
2265.0 
2550.4 

2832.8 
3112.5 
3389.6 
3664.3 
3936.7 
4207.0 
4475.3 

4741.8 
5006.5 
5269.7 

5531.3 
6050.7 
6565.4 
7076,2 

7583.8 
8088.8 
8591.7 
9093.1 
9593.3 

10092.8 

10591.8 
11090.7 
11589.8 
12089.3 
12589;3 
13090.1 
13591.8 
14094.6 
14598.4 
15103.5 

15609.9 
16881.8 
18162.7 
19452.8 
20752.1 
22060.3 
23377.2 

24702.5 
26035.5 

Enthalpy 
J/mol 

lUl1.5 
])536.7 
] 1958.0 
12374.9 
12787.2 
13]95.0 
13598.2 
13997.1 
14391.8 
14782.6 

15169.7 
15553.4 
15933.8 
16311.2 
16685.8 
17057.8 
17427.3 

17794.6 
18159.8 
18523.1 

18884.5 
19602.7 
20315.2 
21022,9 

21726.7 
22427.3 
23125.2 
23821.1 
24515.3 
25208.3 

25900.5 
26592.2 
27283.7 
27975.2 
28666.9 
29359.0 
30051.6 
30745.0 
31439.1 
32134.2 

32830.1 
34574.6 
36325.9 
38084.3 
39849.8 
41622.2 
43401.2 

45186.5 
46977.7 

4000 bar Isobar 

-2360.5 
-2331.3 

-2277.5 
-2222.9 

8607.4 
8644.6 

8713.5 
8783.9 

Entropy 
J/mol·K 

98.91 
100.99 
102.95 
104.80 
106.55 
108.22 
109.80 
111.31 
112.74 
114.11 

115.43 
116.68 
117.89 
119.05 
120.17 
121.25 
lZZ.Z9 

123.30 
124.27 
125.21 

126.13 
127.88 
129.54 
131.11 

132.6j 
134.04 
135.41 
136.72 
137.98 
139.20 

140.37 
141.51 
142.60 
143.67 
144.70 
145.70 
146.68 
147.63 
148.55 
149.46 

150.34 
152.45 
154.46 
156.36 
158.17 
159.90 
161.55 

163.14 
164.66 

79.95 
80.24 

80.78 
81.32 

C,. 
J/mol·K 

31.64 
31.29 
30.93 
30.56 
30.19 
29.83 
29.49 
29.16 
28.85 
28.55 

28.27 
28.00 
27.75 
27.52 
27.30 
27.09 
ZO.69 

26.71 
26.54 
26.39 

26.24 
25.98 
25.76 
25.57 

25.42 
25.29 
25.19 
25.12 
25.06 
25.03 

25.01 
25.00 
25.01 
25.03 
25.06 
25.09 
25.14 
25.19 
25.25 
25.31 

25.37 
25.55 
25.73 
25.91 
26.10 
26.28 
26.4:> 

26.62 
26.78 

29.09 
29.31 

29.68 
30.02 

Cp 

J/mo!·K 

42.69 
42.34 
41.92 
41.46 
41.00 
40.55 
40.10 
39.68 
39.27 
38.89 

38.54 
38.20 
37.89 
37.60 
37.33 
37.07 
30.84 

36.62 
36.42 
36.23 

36.06 
35.76 
35.50 
35.23 

35.IO 
34.96 
34.84 
34.75 
34.68 
34.63 

34.59 
34.58 
34.57 
34.58 
34.59 
34.62 
34.65 
31.69 
34.73 
34.7i 

34.82 
34.96 
35.10 
35.24 
35.38 
35.52 
;:S;:'.!l4 

.)s.n 

.35.88 

33.66 
34.09 

34,83 
35.53 

Velocity 
of sound 

mls 

1626. 
1612. 
1599. 
1588. 
1577. 
1567. 
1558. 
1550. 
1541. 
1534. 

1527. 
1520. 
1513. 
1507. 
1501. 
1495. 
1490. 

1485. 
1480. 
1475. 

1471. 
1462. 
1454. 
1117. 

1440. 
1434. 
1429. 
1423. 
1418. 
1414. 

1410. 
1406. 
1402. 
1399. 
1396. 
1393. 
l39!. 
1389. 
1387. 
1385. 

1383. 
1380. 
1378. 
1376. 
1376. 
1376. 
J;:S'/b. 

1378. 
1380. 

1843. 
1838. 

1830. 
1823. 
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Temper· 
ature 
kelvin 

134 
136 
138 
140 
142 
144 
146 
148 

150 
1:'5 

160 
165 
170 
175 
180 
185 
190 
195 

200 
210 
220 

230 
240 
250 
260 
270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
460 
480 
500 
520 
540 
560 
sao 

600 
620 
610 

660 
680 
700 
720 
740 
760 
780 

Density 
moll! 

36.28731 
36.23201 
36.17525 
36.11715 
36.05780 
35.99731 
35.93576 
35.87327 

35.80991 
;:Io.MIl:::1l 

35.48303 
35.31524 
35.14586 
34.97569 
34.80539 
34.63550 
34.46648 
34.29066 

34.13232 
33.80484 
33.4S508 

33.17350 
32.87020 
32.57504 
32.211774 
32.00796 
31. 73532 
31.46945 

31.20997 
30.95653 
30.70880 
30.46647 
30.22927 
29.99692 
29.76919 
29.54587 
29.32675 
29.11164 

28.90037 
28.48877 
28.09084 
27.70563 
27.33232 
26.97019 
26.61862 
26.27705 
25.94499 
2:;.62197 

25.30758 
25.00145 
!!1.70824 

24.41261 
24.12927 
23.85293 
23.58333 
23.32023 
23.06339 
22.81258 

Isotherm 
derivative 
)'bar/mo! 

773.74 
761.59 
750.03 
739.04 
728.61 
718.70 
709.29 
700.37 

691.90 
bTl.56 

655.60 
640.71 
627.60 
616.02 
605.75 
596.61 
588.43 
::;81.06 

574.38 
562.71 
55.2.79 

544.13 
536.43 
529.47 
!\2.'I01l 

517.15 
511.59 
506.36 

501.40 
496.69 
492.20 
487.91 
483.81 
479.89 
476.14 
472.55 
469.11 
465.81 

462.66 
456.75 
451.35 
446.40 
441.89 
437.78 
434.04 
430.65 
427.58 
424.80 

422.30 
420.06 
418.05 

416.27 
414.69 
413.30 
412.08 
411.03 
410.14 
409.39 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar-K 

21.l0 
21.34 
21.54 
21.71 
21.84 
21.93 
22.00 
22.04 

22.06 
22.01 
21.86 
21.62 
21.33 
20.99 
20.62 
20.23 
19.83 
19.42 

19 .. 02 
18.22 
17.15 

16.73 
16.05 
15.42 
III. R~ 

14.28 
13.77 
13.30 

12.86 
12.44 
12.06 
1l.70 
11.36 
11.04 
10.74 
10.45 
10.18 
9.93 

9.69 
9.24 
8.83 
8.46 
8.12 
7.81 
7.52 
7.25 
7.00 
6.77 

6.55 
6.35 
6.IG 

5.97 
5.80 
5.64 
5.49 
5.34 
5.20 
5.07 

Internal 
energy 
Jlmol 

-2167.5 
-2111.3 
-2054.4 
-1996.8 
-1938.6 
-1879.8 
-1820.5 
-1760.6 

-1700.4 
-1547.9 
-1393.5 
-1237.6 
-]080.7 

-923.0 
-765.1 
-607.1 
-449.3 
-291.8 

-134.8 
177.3 
436.5 

792.2 
1094.5 
1393.2 
1688.5 

1980.3 
2269.0 
2554.5 

2837.1 
3116.9 
3394.1 
3668.9 
3941.4 
4211.7 
4480.1 
4746.6 
5011.3 
5274.5 

5536.1 
6055.5 
6570.1 
7080.8 
7588.3 
8093.1 
8595.9 
9097.1 
9597.2 

10096.:5 

10595.3 
11094.1 
11:;93.1 

12092.4 
12592.3 
13093.0 
13594.6 
14097.2 
14601.0 
]5106.0 

Enthalpy 
J/mo! 

8855.6 
8928.7 
9002.9 
9078.3 
9154.7 
9232.1 
9310.5 
9389.7 

9469.7 
9672.8 
9879.5 

10089.0 
10300.5 
10513.5 
10727.4 
10941. 7 
11156.2 
11370.5 

11584.3 
12010.0 
12432.1 

12850.1 
13263.6 
13672.6 
1 d077. 1 

14477.2 
14873.2 
15265.2 

15653.5 
16038.2 
16419.7 
16798.1 
17173.6 
17546.4 
17916.8 
18284.8 
18650.8 
19014.7 

19376.8 
20096.1 
20809.6 
21518.3 
22223.0 
22924.3 
23623.0 
24319.5 
25014.4 
25708.1 

26400.9 
27093.2 
2778::;.3 

28477.4 
29169.7 
29862.4 
30555.7 
31249.7 
31944.5 
32640.2 

Entropy 
J/mo)·K 

81.86 
82.40 
82.94 
83.48 
84.02 
84.56 
85.10 
85.64 

86.18 
87.51 
88.82 
9O.11 
91.38 
92.61 
93.82 
94.99 
96.13 
97.25 

98.33 
100.41 
102.37 

104.23 
105.99 
107.66 
100.25 

110.76 
112.20 
113.57 

114.89 
116.15 
117.36 
118.52 
119.65 
120.73 
121. 7i 
122.78 
123.75 
124.70 

125.62 
127.37 
129.03 
130.61 
132.]] 
133.54 
134.91 
136.22 
137.49 
138.70 

139.88 
141.01 
142.11 

143.18 
144.21 
145.21 
]46.19 
147.14 
148.07 
148.97 

C,. 
J/mo)·K 

30.34 
30.62 
30.88 
31.12 
31.33 
31.52 
31.69 
31.83 

31.96 
32.22 
32.38 
32.47 
32.50 
32.48 
32.41 
32.32 
32.20 
32.06 

3l.90 
31.56 
31.20 

30.83 
30.46 
30.10 
20.75 

29.41 
29.09 
28.78 

28.50 
28.22 
27.96 
27.72 
27.50 
27.28 
27.08 
26.90 
26.72 
26.56 

26.41 
26.14 
25.91 
25.71 
25.55 
25.42 
25.32 
25.23 
25.17 
25.13 

25.11 
25.10 
25.10 

25.12 
25.15 
25.18 
25.22 
25.27 
25.33 
25.38 

Cp 

Jlmol·K 

36.19 
36.82 
37.41 
37.96 
38.48 
38.96 
39.40 
39.81 

40.19 
41.00 
41.64 
42.12 
42.47 
42.70 
42.84 
42.89 
42.88 
42.82 

42.71 
42.40 
42.01 

41.58 
41.13 
40.67 
10.23 

39.80 
39.40 
39.01 

38.65 
38.31 
37.99 
37.69 
37.41 
37.16 
36.92 
36.70 
36.49 
36.30 

36.12 
35.81 
35.55 
35.33 
35.15 
35.00 
34.88 
34.78 
34.71 
;:I4.M 

34.63 
34.61 
34.60 

34.61 
34.62 
34.65 
34.68 
34.72 
34.76 
34.81 

Velocity 
of sound 

mls 

1815. 
1808. 
1801. 
1794. 
1787. 
1781. 
1774. 
1768. 

1762. 
1748. 
1735. 
1723. 
17Il. 
1700. 
1691. 
1681. 
1673. 
H)04. 

1657. 
1643. 
W30. 

1619. 
1608. 
1598. 
1589. 

1581. 
1573. 
1565. 

1558. 
1551. 
1545. 
IS:l9. 

1533. 
1527. 
1522. 
1517. 
1512. 
1508. 

1503. 
·1495. 
1487. 
1480. 
1473. 
1467. 
1461. 
1456. 
1451. 
1446. 

1442. 
1438. 
1434. 

1431. 
1428. 
1425. 
1422. 
1420. 
1418. 
1416. 



Temper· 
ature 

kelvin 

800 
850 
900 
950 

1000 
1050 

1100 
1150 
1200 

Density 
moll! 

22.56760 
21.97933 
21.42335 
20.89706 
20.39818 
19.92160 

19.47444 
19.04600 
18.63773 

* 133.093 36.91239 
134 36.89235 
136 36.84690 
138 36.79983 

140 36.75125 
142 36.70124 
144 36.64989 
146 36.59729 
J 48 36.54353 
150 36.48869 
155 36.34741 
160 36.20]]0 
165 36.05087 
170 35.89770 

175 35.74246 
180 35.58590 
185 35.42866 
190 35.27127 
195 35.1J<!19 

200 34.95779 
210 34.64813 
220 34.34398 
230 31.01631 

240 33.75561 

250 33.47204 
260 33. 19555 
270 32.92597 
280 32.66303 
290 32.40646 
300 32. 15593 
310 31.91114 
320 31.67180 
330 31.43763 
340 31.20835 

350 30.98371 
360 30.76349 
370 30.54747 
380 30.33546 
390 30. 12727 
400 29.92274 
420 29.52403 
440 29.13825 
460 28.76446 
480 28.40J84 

500 28.04971 

Isotherm 
derivative 
I·bar/mol 

408.77 
407.75 
407.38 
407.57 
408.23 
109.30 

410.71 
412.42 
414.38 

888.90 
882.16 
867.79 
854.05 

840.94 
828.44 
816.51 
805.14 
794.30 
783.98 
760.29 
739.35 
720.84 
704.49 

690.02 
677.19 
665.79 
655.62 
(j4o.52 

638.33 
624.23 
612.48 
602.18 

593.79 

586.10 
579.17 
572.84 
566.98 
561.5J 
556.36 
551.49 
546.86 
542.44 
538.21 

534.16 
530.27 
526.54 
522.95 
5J9.50 
516.19 
509.93 
504.15 
498.81 
493.89 

489.35 
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Thermodynamic properties of nitrogen-Continued 

Iso chore 
derivative 

bar·K 

4.95 
4.66 
4.41 
4.18 
3.97 
3.78 

3.61 
3.45 
3.30 

19.48 
19.68 
20.08 
20.43 

20.73 
21.00 
21.22 
21.41 
21.57 
21.70 
21.89 
21.95 
21.89 
21. 75 

21.53 
21.26 
20.96 
20.63 
20.27 

19.91 
19.17 
18.44 
17.73 

17.05 

16.41 
15.81 
15.25 
14.72 
14.23 
13.78 
13.35 
12.94 
12.57 
12.2J 

11.88 
11.56 
11.27 
10.99 
JO.72 
10.47 
10.00 
9.57 
9.18 
8.82 

8.49 

Internal 
energy 
J/mol 

15612.3 
16884.2 
18165.1 
19455.2 
20754.6 
22063.1 

23380.3 
24705.9 
26039.4 

Enthalpy 
Jlmol 

33336.8 
35083.1 
36836.3 
38596.7 
40364.2 
42138.9 

43920.0 
45707.6 
47501.2 

4500 baT Isobar 

-2J23.6 
-2099.6 
-2046.0 
-1991.6 

-J936.4 
-1880.5 
-1824.0 
-1766.8 
-1709.1 
-1650.8 
-1502.9 
-1352.5 
-1200.1 
-1046.2 

-891.2 
-735.4 
-579.2 
-422.9 
-2uu.o 

- IIO.6 
200.2 
508.6 
811.0 

1 II6.3 

1415.1 
1710.7 
2002.9 
2291.8 
2577.7 
2860.7 
3140.9 
3418.4 
3693.4 
3966.2 

4236.7 
4505.2 
4771.8 
5036.7 
5299.9 
5561.5 
6080.8 
6595.3 
7105.8 
7613.0 

8117.5 

10067.4 
10098.0 
10166.7 
10236.7 

10308.J 
10380.6 
]0454.4 
10529.2 
10605.0 
]0681.8 
10877.6 
II078.1 
II282.2 
1]489.4 

11698.9 
11910.0 
12122.3 
12335.4 
12548.7 

12762.1 
J3187.9 
13611.3 
11031.3 

14447.4 

14859.2 
15266.7 
J5669.9 
16068.9 
J6463.9 
16855.0 
17242.5 
17626.6 
18007.5 
18385.4 

18760.5 
19132.9 
19503.0 
19870.8 
20236.5 
20600.3 
21322.6 
22038.9 
22750. I 
23457.0 

24160.4 

Entropy 
J/mo!·K 

149.85 
151.97 
153.97 
155.88 
157.69 

.159.42 

161.08 
162.67 
164.19 

80.70 
80.93 
81.44 
81.95 

82.46 
82.98 
83.49 
84.01 
84.53 
85.04 
86.33 
87.60 
88.85 
90.09 

91.31 
92.50 
93.66 
94.79 
95.90 

96.98 
99.06 

101.03 
]02.90 

104.67 

106.3S 
107.95 
109.47 
110.92 
112.31 
II3.63 
l14.90 
l16.12 
l17.30 
118.42 

119.51 
120.56 
121.57 
122.55 
123.50 
124.43 
126.19 
127.85 
129.43 
130.94 

132.38 

C,. 
J/mo}·K 

25.45 
25.61 
25.79 
25.97 
26.16 
26.33 

26.51 
26.67 
26.83 

29.47 
29.65 
30.02 
30.37 

30.68 
30.97 
31.23 
31.46 
31.68 
31.87 
32.26 
32.53 
32.72 
32.83 

32.88 
32.87 
32.82 
32.74 
32.03 

32.49 
32.18 
31.83 
31.16 

31.08 

30.71 
30.35 
30.00 
29.66 
29.34 
29.03 
28.74 
28.47 
28.21 
27.97 

27.74 
27.53 
27.33 
27.14 
26.97 
26.81 
26.51 
26.27 
26.05 
25.87 

25.73 

C. 
J/mol'K 

34.86 
34.99 
35.14 
35.28 
35.42 
35.56 

35.69 
35.81 
35.93 

33.64 
33.97 
34.68 
35.35 

35.98 
36.58 
37.14 
37.67 
38.17 
38.63 
39.65 
40.49 
41.16 
41.69 

42.08 
42.36 
42.55 
42.65 
42.68 

42.66 
42.48 
42.18 
11.9] 

41.40 

40.97 
40.53 
40.11 
39.70 
39.30 
38.93 
38.58 
38.25 
37.93 
37.64 

37.37 
37.12 
36.89 
36.67 
36.47 
36.29 
35.96 
35.68 
35.45 
35.25 

35.09 

Velocity 
of sound 

mls 

1414. 
1410. 
1407. 
1406. 
1405. 
1405. 

1405. 
1406. 
1407. 

1903. 
1899. 
1892. 
1884. 

1876. 
1869. 
1862. 
1855. 
1848. 
1842. 
1827. 
1812. 
1799. 
1787. 

1776. 
1765. 
1755. 
1746. 
1738. 

1730. 
1715. 
1702. 
1691. 

1680. 

1671. 
1662. 
J654. 
J646. 
J639. 
1632. 
1625. 
1619. 
1614. 
1608. 

1603. 
1598. 
1593. 
1588. 
1584. 
1579. 
1571. 
1564. 
1556. 
1550. 

1544. 
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910 

Temper· 
ature 
kelvin 

520 
54U 
560 
580 
600 
1120 

640 
660 
680 

700 
720 
740 
760 
780 
800 
850 
900 
950 

1000 

1050 
llOO 
1150 
1200 

Density 
mol}1 

27.70745 
2"1..37452 

27.05044 
26.73478 
26.42716 
26.12722 

25.83464 
25.54912 
25.27038 

24.99817 
24.73226 
24.47240 
24.21840 
23.97005 
23.72715 
23.14265 
22.58858 
22.06262 
21.56270 

21.08692 
20.63358 
20.20113 
19.78814 

* 139.065 37.33022 
140 37.31139 
142 37.26998 
144 37.22711 
146 37.18285 
148 37.13727 

ISO 37.09046 
155 36.96852 
160 36.84046 
165 36.70732 
170 36.57010 
17:; 36A296(j 

180 36.28679 
185 36.14220 
190 35.99649 
195 35.85019 

200 35.70373 
210 35.41179 
??O ::15_ I 22<l~ 

230 34.83864 
240 34.55983 
250 34.28697 
260 34.02028 
270 33.75978 
280 33.50535 
290 33.25683 

300 33.01399 
310 32.77658 
320 32.54436 
330 32.31707 
340 32.09447 

Isotherm 
derivative 
I·bar/mol 

485.18 
481.35 

477.85 
474.64 
471.71 
469.04 

466.62 
464.43 
462.46 

460.68 
459.10 
457.69 
456.44 
455.35 
454.41 
452.62 
451.55 
451.11 
451.19 

451.73 
452.66 
453.94 
455.51 

954.10 
947.08 
932.53 
918.59 
905.26 
892.50 

880.30 
852.12 
827.00 
804.64 
784.75 
767.06 

751.32 
737.30 
724.80 
713.61 

703.59 
686.42 
n72.~1 

660.51 
650.45 
641.73 
634.03 
627.11 
620.81 
615.01 

609.61 
604.54 
599.75 
595.19 
590.85 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar-K 

8.19 
1.90 

7.64 
7.39 
7.16 
0.95 

6.74 
6.55 
6.37 

6.20 
6.03 
5.88 
5.73 
5.59 
5.46 
5.15 
4.87 
4.62 
4.40 

4.19 
4.01 
3.84 
3.68 

19.04 
19.25 
19.65 
20.02 
20.34 
20.62 

20.86 
21.33 
21.63 
21.78 
21.81 
21.7" 

21.61 
21.42 
21.18 
20.90 

20.60 
19.95 
1<l.21l 

18.60 
17.95 
17.31 
16.71 
16.14 
15.61 
IS.]] 

14.64 
14.19 
13.78 
13.39 
13.02 

Internal 
energy 
J{mol 

8619.9 
9120.b 

9620.2 
10119.1 
106]7.5 
11115.8 

11614.3 
12113.2 
12612.6 

13112.9 
13614.1 
14116.4 
14619.8 
15124.5 
15630.6 
16901.8 
18182.3 
19472.3 
20771.6 

22080.2 
23397.7 
24723.7 
26057.8 

Enthalpy 
J{mol 

24861.0 
25559.3 

26255.8 
26951.1 
27645.4 
28339.2 

29032.8 
29726.3 
30420.1 

31114.2 
31809.0 
32504.5 
33200.8 
33898.0 
34596.2 
36346.4 
38103.9 
39868.8 
41641.0 

43420.5 
45206.8 
46999.7 
48798.7 

5000 bar Isobar 

-1882.1 
-1857.3 
-1803.6 
-1749.3 
-1694.2 
-1638.4 

-1582.1 
-1438.8 
-1292.5 
-1l43.8 

-993.1 
-840.9 

-687.6 
-533.5 
-378.9 
-221.1 

-69.3 
239.7 
5470 
851.8 

1153.8 
1452.7 
1748.4 
2040.9 
2330.2 
2616.5 

2899.8 
3180.3 
3458.2 
3733.5 
4006.5 

11511.8 
11543.4 
11612.0 
11681.8 
11752.9 
11825.1 

11898.5 
12086.2 
12279.5 
12477.5 
12679.3 
12064.2 

13091.5 
13300.8 
13511.3 
13722.8 

13934.9 
14359.3 
147112.7 
15203.7 
15621.5 
16035.5 
16445.5 
16851.4 
17253.2 
17651.0 

18044.9 
1843.5.1 
18821.8 
19205.3 
19585.6 

Entropy 
J{mol·K 

133.75 
135.07 

136.33 
137.55 
138.73 
139.87 

140.97 
142.04 
143.07 

144.08 
145.06 
]46.01 
146.94 
147.84 
148.73 
150.85 
152.86 
154.77 
156.58 

158.32 
159.98 
161.58 
163.11 

81.42 
81.64 
82.13 
82.62 
83.]] 
83.60 

84.09 
85.32 
86.55 
87.77 
88.97 
90.16 

91.33 
92.48 
93.60 
94.70 

95.77 
97.84 
99.111 

101.68 
103.46 
105.15 
106.76 
108.29 
109.75 
]] J.JS 

112.49 
113.76 
114.99 
116.17 
] 17:31 

c,. 
J/mol·K 

25.61 
25.51 

25.44 
25.39 
25.35 
2::'.34 

25.33 
25.34 
25.36 

25.39 
25.42 
25.46 
25.51 
25.56 
25.62 
25.78 
25.94 
26.12 
26.29 

26.46 
26.63 
26.79 
26.94 

29.82 
30.00 
30.37 
30.70 
31.01 
31.29 

31.54 
32.08 
32.49 
32.78 
32.99 
33.11 

33.18 
33.18 
33.15 
g3.07 

32.97 
32.71 
32.311 
32.02 
31.65 
31.27 
30.90 
30.54 
30.19 
29.85 

29.53 
29.23 
28.94 
28.67 
28.41 

Cp 

J/mol·K 

34.97 
34.87 

34.79 
34.74 
34.70 
34.68 

34.67 
34.68 
34.70 

34.72 
34.75 
34.79 
34.84 
34.89 
34.94 
35.08 
35.22 
35.37 
35.52 

35.66 
35.79 
35.92 
36.04 

33.61 
33.94 
34.60 
35.23 
35.83 
36.40 

36.93 
38.14 
39.15 
40.00 
40.69 
41.2::' 

41.68 
42.00 
42.22 
42.36 

42.44 
42.42 
4:1-24 

41.95 
41.60 
41.20 
40.80 
40.38 
39.98 
39.58 

39.20 
38.84 
38.50 
38.18 
37.88 

Velocity 
of sound 

mrs 

1538. 
1532. 

1527. 
1523. 
1518. 
1::'14. 

1510. 
1506. 
1503. 

]500 .. 

1497. 
1494. 
1492. 
1489. 
1487. 
1483. 
1479. 
1477. 
1475. 

1474. 
1474. 
1474. 
1475. 

1959. 
1956. 
1948. 
1940. 
1932. 
1925. 

1918. 
1902. 
1886. 
1872. 
1859. 
1847. 

1836. 
1825. 
1815. 
1806. 

1798. 
1783. 
T7nQ_ 

1758. 
1747. 
1737. 
1729. 
1721. 
1713. 
1706. 

1700. 
1694. 
1688. 
1682. 
1677. 



Temper. 
ature 
kelvin 

350 
360 

370 
380 
390 

400 
420 
440 
460 

480 
500 
520 
510 

560 
580 

600 
620 
640 
660 
680 
700 
720 
740 
760 
780 

800 

850 
900 
950 

1000 
1050 
!l00 
1150 
1200 

Density 
mo)/) 

31.87633 
31.66243 

31.45257 
31.24657 
31.04424 

30.84541 
. 30.45771 
30.08236 
29.71216 

29.36519 
29.02187 
28.68790 
22.36273 

28.04592 
27.73703 

27.43570 
27.14159 
26.85439 
26.57382 
26.29962 
26.03156 
25.76940 
25.51294 
25.26198 
25.01635 

24.77587 
24.19610 
23.64513 
23.12085 
22.62135 
22.14493 
21.69002 
21.25519 
20.83915 

• 111.939 37.72730 

146 37.70589 
148 37.66791 

150 37.62859 

155 37.52484 
160 37.41413 
165 37.29745 
170 37.17572 
175 37.04981 
180 36.92052 
185 36.78855 
190 36.65455 
195 36.51909 

200 36.38266 
210 36.10860 
220 35.83510 
230 35.56411 
240 35.29693 
250 35.03439 
260 34.77697 

Isotherm 
derivative 
l'bar/mol 

586.69 
502.70 

578.87 
575.18 
571.63 

568.20 
561. 71 
555.66 
550.03 

544.80 
539.94 
535.43 
531.25 

527.38 
523.81 

520.52 
517.49 
514.70 
512.16 
509.83 
507.71 
505.78 
504.04 
502.48 
501.07 

499.82 
497.31 
495.57 
494.51 
494.03 
494.06 
494.52 
495.36 
496.53 

1017.95 

1009.07 
994.42 

QRO,37 

947.71 
918.35 
892.01 
868.41 
847.29 
828.40 
811.50 
.796.38 
782.83 

770.66 
749.87 
732.89 
718.83 
707.02 
696.93 
688.18 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

12.67 
12.34 

12.03 
11.74 
11.46 

11.20 
10.71 
10.27 
9.26 

9.48 
9.14 
8.82 
2.52 

8.25 
7,99 

7.75 
.7.52 
7.30 
7.10 
6.91 
6.73 
6.56 
6.39 
6.24 
6.09 

5.95 
5.62 
5.33 
5.06 
4.82 
4.60 
4.40 
4.21 
4.04 

19.55 

]8.81 
19.22 

1QSQ 

20.36 
20.91 
21.29 
21.53 
21.64 
21.66 
21.60 
21.47 
21.30 

21.08 
20.56 
19.97 
19 .. 36 
18.73 
18.12 
17.53 

Internal 
energy 
J/mol 

4277.3 
4546.0' 

4812.8 
5077.8 
5341.1 

5602.8 
6122.1 
6636.5 
7146,8 

7653.7 
8157.8 
8659.8 
9JliO 1 

9659.3 
10157.6 

10655.5 
11153.3 
11651.2 
12149.6 
12648.5 
13148.3 
13649.0 
14150.8 
14653.7 
15158.0 

15663.6 
16933.9 
18213.5 
19502.8 
20801. 7 
22110.0 
23427.3 
24753.2 
26087.4 

Enthalpy 
J/mu) 

19962.9 
20337.6 

20709.7 
21079.5 
21447.1 

21812.7 
22538.3 
23257.5 
23971.:1 

24680.6 
25386.2 
26088.8 
267RfL9 
27487.2 
28184.0 

28879.9 
29575.2 
30270.2 
30965.1 
31660.2 
32355.7 
33051.8 
33748.7 
34446.3 
35144.9 

35844.5 
37598.4 
3Y35Y.!:> 

41128.3 
42904.7 
44688.5 
46479.4 
48276.9 
50080.7 

5500 bar Isobar 

-1636.3 

-1605.4 
-1551.6 

-14972 

-1358.3 
-1216.2 
-1071.2 
-923.8 
-774.6 
-623.9 
-472.2 
-319.6 
-166.5 

-13.1 
293.6 
599.4 
903.3 

1204.8 
1503.5 
1799.2 

12942.0 

12981.2 
13049.7 

13119.4 
13298.6 
13484.2 
13675.2 
13870.8 
14070.3 
14272.9 
14478.1 
14685.4 
14894.1 

15103.9 
15525.4 
15947.5 
16368.3 
16786.9 
17202.3 
17614.2 

Entropy 
J/mv),l{ 

118.40 
119.1-6 

120.48 
121.46 
122.42 

123.34 
125.11 
126.79 
128.37 
129.88 
131.32 
132.70 
134.02 
135.29 
136.51 

137.69 
138.83 
139.94 
141.01 
142.04 
143.05 
144.03 
144.99 
145.92 
146.82 

147.71 
149.84 
151.85 

153.76 
155.58 
157.33 
158.99 
160.59 
162.12 

R? 11 

82.38 
82.84 

83.31 
84.49 
85.66 
86.84 
88.01 
89.16 
90.31 
91.43 
92.54 
93.62 

94.68 
96.74 
98.70 

100.57 
102.35 
104.05 
105.07 

CI • 

J/mol K 

28.17 
27.05 

27.73 
27.54 
27.35 

27.18 
26.87 
26.60 
26.37 
26.17 
26.01 
25.88 
25.77 
25.69 
25.63 

25.59 
25.56 
25.54 
25.54 
25.56 
25.58 
25.61 
25.64 
25.68 
25.73 

25.78 
25.93 
26.09 

26.25 
26.42 
26.58 
26.74 
26.89 
27.04 

.~o 1? 

30.34 
30.69 

31.01 
31.70 
32.24 
32.66 
32.97 
33.19 
33.33 
33.40 
33.42 
33.40 

33.34 
33.13 
32.84 
32.51 
32.15 
31.78 
31.40 

C. 
J/mQl·K 

37.60 
37.34 

37.09 
36.87 
36.65 

36.46 
36.11 
35.82 
35.57 
35.37 
35.20 
35.06 
34.96 
34.87 
34.82 

34.78 
34.75 
34.75 
34.75 
34.77 
34.79 
34.82 
34.86 
34.91 
34.95 

35.0] 
35.15 
35.30 

35.45 
35.60 
35.75 
35.89 
36.01 
36.14 

:1.'1 Sli 

33.94 
34.56 

35.16 
36.51 
37.68 
38.69 
39.53 
40.24 
40.81 
41.26 
41.61 
41.87 

42.05 
42.21 
42.17 
41.99 
41.71 
41.37 
41.UU 

Velocity 
.of 30und 

m/s 

1672. 
11>1>7 

1662. 
1658. 
1654. 

1650. 
1642 . 
1634. 
1627. 
1621. 
1615. 
1609. 
1604. 
1599. 
1594. 

1589. 
1585. 
1581. 
1577. 
1573. 
1570. 
1567. 
1564. 
1561. 
!!:>!:>Y. 

1556. 
155!. 
1547. 

1544. 
1542. 
1540. 
1539. 
1539. 
1539. 

2012 

2007. 
2000. 

1992. 
1974. 
1957. 
1942. 
1928. 
1915. 
1903. 
1892. 
1881. 
1872. 

]863. 
1847. 
1833. 
1820. 
1810. 
1800. 
UY!. 
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Temper· 
ature 
kelvin 

270 
280 
290 

300 
310 
320 
330 
340 
350 
360 
370 
380 
390 

400 
420 
440 
400 

480 
500 
520 
::;40 

560 
580 

600 

620 
640 

660 
680 
700 
720 
740 
760 
780 

800 
850 
900 
950 

1000 
1050 
1100 
1150 
1200 

Density 
moUI 

34.52491 
34.27827 
34.03701 

33.80101 
33.57010 
33.34409 
33.12276 
32.90593 
32.69338 
32.48491 
32.28033 
32.07947 
31.88216 

31.68824 
31.30999 
30.94367 
6U.btltl3tJ 

30.24327 
29.90771 
29.58109 
29.26287 

28.95261 
28.64989 

23.35131 

28.06564 
27.78348 
27.50760 
27,23775 
26.97370 
26.71525 
26,46218 
26.21432 
25.97151 

25.73356 
25.15905 
24.61189 
24.09014-
23.59205 
23.11604 
22.66069 
22.22467 
21.80678 

• 150.430 38.1U03o 

155 38.02681 

160 37.93245 
165 37.83144 

170 37.72462 
175 37.61284 
180 37.49684 
185 37.37735 
190 37.25501 
195 37.13041 
200 37.00410 
210 36.74813 

Isotherm 
derivative 
l·bar/mol 

680.46 
673.55 
667.28 

661.52 
656.17 
651.16 
646.44 
641.96 
637.69 
633.60 
629.68 
625.91 
622.28 

618.77 
612.11 
605.88 
IlUU.Ub 

594.59 
589.49 
584.72 
::;80.26 

576.11 
572.24 

568.64 

565.31 
562.22 
559.36 
556.72 
554,30 
552.07 
550.03 
548.17 
546.48 

544.95 
541. 76 
539.39 
537.74 
536.72 
536.24 
536.24 
536.65 
537.44 

JU8U.2"i 

1046.58 

1013.01 
982.67 

955.30 
930.64 
908.45 
888 .. 49 
870.54 
854.40 
839.88 
814.99. 
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Thermodynamic properties of nitrogen-Continued 

lsochore 
derivative 

bar·K 

16.97 
16.43 
15.92 

15.44 
14.99 
14.56 
14.16 
13.78 
13.42 
13.08 
12.76 
12.46 
12.17 

11.90 
11.39 
10.93 
1O.:>U 

10.11 
9.76 
9.42 
9.11 

8.83 
8.56 

3.30 

8.07 
7.84 
7.63 
7.43 
7.24 
7.06 
6.89 
6.72 
6.57 

6.42 
6.07 
5.76 
5.48 
5.23 
4.99 
4.78 
4.58 
4.40 

Hl.m:\ 

18.99 

19.82 
20.45 

20.91 
21.22 
21.41 
21.51 
21.51 
21.45 
21.34 
20.98 

Internal 
energy 
llmol 

2091.8 
2381.4 
2667.9 

2951.6 
3232.5 
3510.7 
3786.3 
4059.6 
4330.6 
4599.5 
4866.5 
5131.6 
5395.0 

5656.8 
6176.2 
6690.5 
'/2UU.7 

7707.3 
821Ll 
8712.7 
9212.6 

9711.3 
10209.1 

10706.4 

11203.6 
11701.0 
12198.8 
12697.1 
13196.3 
13696.4 
14197.6 
14700.0 
15203.7 

15708.8 
16977.8 
18256.4 
19544.7 
20842.8 
22150.3 
23467.1 
24792.6 
26126.5 

Enthalpy 
J/mol 

18022.3 
18426.5 
18826.8 

19223.3 
19616.1' 
20005.3 
20391.2 
20773.9 
21153.6 
21530.5 
21904.7 
22276.5 
22646.0 

23013.4 
23742.5 
24464.8 
25181.4 
25893.2 
26601.1 
27305.7 
28007.8 

28707.8 
29406.4 

30103.0 

30800.6 
31496.9 
32193.2 
32889.7 
33586.5 
34283.9 
34982.0 
::\SflHOQ 

36380.8 

37081. 7 
38838.8 
40603.3 
42375.6 
44155.7 
45943.3 
47738.2 
49539.9 
51348.0 

6000 bar Isobar 

- 1386.7 

-1263.8 

-1125.6 
-984.3 

-840.4 
-694.3 
-546.4 
-397.1 
-246.7 

-95.6 
56.1 

360.2 

14358.7 
14514.6 

14692.0 
14tl7;'.;' 

15064.4 
15257.7 
15455.0 
15655.4 
15858.5 
16063.7 
16270.5 
16687.5 

Entropy 
J/mol·K 

107.21 
108.68 
]]0.08 

111.43 
112.71 
113.95 
115.14 
116.28 
117.38 
118.44 
119.47 
120.46 
121.42 

122.35 
124.13 
125.81 
127.40 
128.91 
130.36 
131.74 
133.07 
134.34 
135.56 

136.75 

137.89 
138.99 
140.07 
141.11 
142.12 
143.10 
144.05 
144 QQ 

145.89 

146.78 
148.91 
150.93 
152.85 
J54.67 
156.42 
158.09 
159.69 
161.23 

82.77 
83.79 

84.92 
tlll.O;' 

87.18 
88.30 
89.41 
90.51 
91.59 
92.66 
93.70 
95.74 

C, 
J/mol·K 

31.03 
30.67 
30.33 

30.00 
29.68 
29.38 
29.10 
28.83 
28.58 
28.34 
28.11 
27.90 
27.71 

27.53 
27.20 
26.91 
2b.b6 

26.46 
26.28 
26.14 
26.02 

25.93 
25.85 

25.00 

25.77 
25.75 
25.74 
25.74 
25.76 
25.78 
25.81 
?S HS 

25.89 

25.94 
26.07 
26.22 
26.38 
26.54 
26.69 
26.85 
27.00 
27.14 

30.36 
31.12 

31.81 
32.3b 

32.78 
33.10 
33.33 
33.48 
33.57 
33.60 
33.59 
33.46 

Cp 

J/mol·K 

40.62 
40.22 
39.84 

39.46 
39.10 
38.75 
38.43 
38.12 
37.83 
37.55 
37.30 
37.06 
36.84 

36.64 
36.27 
35.96 
35.7U 

35.49 
35.31 
35.16 
35.05 

34.96 
34.90 

34.05 

34.83 
34.81 
34.82 
34.83 
34.85 
34.89 
34.92 
3497 

35.02 

35.07 
35.21 
35.37 
35.52 
35.68 
35.83 
35.97 
36.10 
36.22 

33.47 
34.82 

36.12 
67.26 

38.25 
39.08 
39.79 
40.37 
40.84 
41.22 
41.50 
41.85 

Velocity 
of sound 

mls 

1783. 
1776. 
1769. 

1763. 
1757. 
1751. 
1746. 
1741. 
1736. 
1731. 
1727. 
1723. 
1719. 

1715. 
1707. 
]700. 
1694. 
1687. 
1681. 
1676. 
1670. 

1665. 
1660. 

1656. 

1652. 
1647. 
1644. 
1640. 
1636. 
1633. 
1630. 
1627. 

1624. 

1622. 
1616. 
1612. 
1608. 
1605. 
1603. 
1601. 
1600. 
1600. 

2062. 
2044. 

2026. 
2010. 
1995. 
1981. 
1968. 
1956. 
1945. 
1934. 
1925. 
1908. 



Temper· 
ature 

kelvin 

220 
230 
240 
250 
:l1l0 

270 
280 
290 
300 

310 

320 
:330 

340 
350 
360 
370 

380 
390 
400 
420 

440 
460 
480 
500 
520 
540 
560 
580 
600 
620 

640 
660 
680 
700 
720 
740 
760 
780 
800 
850 

900 
950 

1000 
1050 
1100 
1150 
1200 

Density 
molll 

36.49020 
36.23265 
3&.97714 
35.72483 
1It..41M·' 
35.23254 
34.99329 
34.75881 
34.52911 

34.30410 

34.08368 
33.06760 

33.65595 
33.44830 
33.24459 
~~.0~~62 

32.84824 
32.65529 
32.46563 
32.09560 

31. 73713 
31.38932 
31.05141 
30.72270 
30.40260 
30.09060 
29.78623 
29.48909 
29.19881 
28.91508 

28.63760 
28.36611 
28.10036 
27.84014 
27.58524 
27.33547 
27.09067 
26.85066 
26.6J529 
26.04625 

25.50329 
949114"l 

24.48857 
24.01372 
23.55873 
23.12237 
22.70352 

* 155.871 38.46961 
160 38.40379 
IllS 1IlL31756 

170 38.22497 
175 38.12676 
180 38.02368 

Isotherm 
derivative 
I·bar/mol 

794.66 
777.91 
763.95 
752.17 
'4~.U8 

733.31 
725.58 
718.67 
712.42 

706.69 

701.38 
696.43 

691. 77 
687.36 
683.16 
679.14 

675.29 
671.58 
668.00 
661.22 

654.86 
648.88 
643.27 
637.99 
633.02 
628.36 
623.98 
619.88 
616.04 
612.45 

609.10 
605.98 
603.08 
600.39 
597.89 
595.59 
593.46 
591.51 
589.72 
585.91 

582.96 
<;80.75 

579.21 
578.24 
577.79 
577.79 
578.19 

H41.43 
1110.57 
1076.27 

1045.13 
1016.89 
991.32 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

20.51 
19.97 
19.41 
18.84 
18.27 

17.72 
17.19 
16.68 
j(j.20 

15.74 

15.30 
14.89 

14.50 
14.14 
13.79 
13.16 

13.14 
12.85 
12.56 
12.04 

11.56 
11.12 
10.72 
10.35 
10.00 
9.68 
9.38 
9.10 
8.84 
8.59 

8.36 
8.14 
7.93 
7.73 
7.54 
7.36 
7.19 
7.03 
6.87 
6.51 

6.19 
5.89 

5.62 
5.37 
5.15 
4.94 
4.75 

17.48 
18.38 
19.27 

19.97 
20.49 
20.88 

Internal 
energy 
J/mol 

664.0 
966.7 

1267.3 
1565.5 
1861.0 

2153.6 
2443.3 
2730.1 
3014.0 

3295.2 

3573.6 
3849.6 

4123.1 
4394.4 
4663.5 
1920.7 

5196.0 
5459.5 
5721.4 
6240.8 

6755.2 
7265.2 
7771.6 
8275.1 
8776.4 
9275.8 
9774.0 

10271.2 
10768.0 
11264.7 

11761.4 
12258.6 
12756.3 
13254.8 
13754.3 
14254.9 
14756.7 
15259.8 
15764.3 
17031.9 

18309.1 
19596.2 

20893.1 
22199.8 
23515.7 
24840.5 
26173.8 

Enthalpy 
J/mol 

17106.8 
17526.3 
17944.6 
18360.6 
18773.6 

19183.4 
19589.5 

. 19991.9 
20390.7 

20785.8 

21177.4 
21565.6 

21950.6 
22332.5 
22711.6 
22088.0 

23461.8 
23833.2 
24202.5 
24935.0 

25660.5 
26379.9 
27094.4 
27804.7 
28511.5 
29215.6 
29917.5 
30617.7 
31316.8 
32015.1 

32712.9 
33410.6 
34108.3 
34806.5 
35505.1 
36204.4 
36904.6 
37605.6 
38307.7 
40067.8 

41835.5 
43611.0 

45394.4 
47185.5 
48984.0 
50789.4 
52601.4 

6500 bar Isobar 

-1133.8 
-1022.6 
-885.0 

-744.4 
-601.5 
-456.4 

15762.7 
15902.8 
16078.5 

16260.1 
16446.9 
16638.2 

Entropy 
J/mol·K 

97.69 
99.55 

101.33 
103.03 
104.65 

106.20 
107.67 
109.09 
110.44 

ll1.73 

ll2.98 
114.17 

115.32 
116.43 
117.50 
1 Ill. 53 

119.52 
120.49 
121.42 
123.21 

124.90 
126.50 
128.02 
129.47. 
130.85 
132.18 
133.46 
134.69 
135.87 
137.02 

138.13 
139.20 
140.24 
141.25 
142.24 
143.19 
144.13 
145.04 
145.93 
148.06 

150.08 
152.00 

]53.83 
155.58 
157.25 
158.86 
160.40 

83.41 
84.30 
85.38 

86.47 
87.55 
88.03 

C,. 
J/mol·K 

33.22 
32.92 
32.58 
32.22 
31.85 

31.48 
31.12 
30.77 
30.43 

30.10 

29.79 
29.50 

29.22 
28.95 
28.70 
2B.17 

28.25 
28.05 
27.85 
27.51 

27.20 
26.94 
26.72 
26.54 
26.38 
26.25 
26.15 
26.07 
26.01 
25.96 

25.93 
25.92 
25.92 
25.93 
25.94 
25.97 
26.00 
26.04 
26.08 
26.21 

26.35 
26.50 

26.65 
26.80 
26.95 
27.09 
27.23 

30.53 
31.21 
31.88 

32.43 
32.85 
33.18 

Cp 

J/mol·K 

41.97 
41.91 
41.73 
41.46 
41.14 

40.79 
40.43 
40.06 
39.69 

39.33 

38.99 
38.66 

38.34 
38.05 
37.77 
37.S1 

37.26 
37.03 
36.82 
36.44 

36.12 
35.84 
35.61 
35.42 
35.27 
35.14 
35.05 
34.98 
34.93 
34.90 

34.88 
34.88 
34.90 
34.92 
34.95 
34.99 
35.03 
35.08 
35.13 
35.28 

35.43 
35.59 

35.75 
35.90 
36.04 
36.18 
36.30 

. 33.35 
34.51 
35.76 

36.87 
37.82 
38.0t> 

Velocity 
of sound 

mls 

1893. 
1880. 
1869. 
1859. 
1850. 

1842 .. 
1834. 
1828. 
1321. 

1816. 

1810. 
1805. 

1800. 
1796. 
1791. 
1787. 

1783. 
1779. 
1775. 
176ft 

1762. 
1755. 
1749. 
1744. 
1738. 
1733. 
1728. 
1723. 
1719. 
1714. 

1710. 
1706. 
1702. 
1699. 
1696. 
1692. 
1689. 
1687. 
1684. 
1678. 

1673. 
1669. 

1665. 
1663. 
1661. 
1659. 
1659. 

2110. 
2094. 
2076. 

2059. 
2044. 
:::U3U. 
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Temper· 
alure 
kelvin 

185 
190 
195 
200 
210 
220 
230 

240 
250 

260 
270 
280 
290 
300 
310 
320 
330 

340 
350 
360 
370 
380 
390 
400 
420 
440 
460 

48U 

500 
520 
540 
560 

580 
600 
620 
640 
660 

680 
7011 

720 
740 
760 
780 
800 
850 
900 
950 

1000 
1050 
llOO 
ll50 
1200 

Density 
molll 

37.91640 
37.80557 
37.69178 
37.57557 
37.33783 
37.09571 
36.85182 

36.60816 
36.36617 

36.12688 
35.89099 
35.65894 
35.43100 
35.20727 
34.98781 
34.77255 
34_56143 

34.35432 
34.151ll 
33.95163 
33.75576 
33.56335 
33.37426 
33.18834 
32.82554 
32.47397 
32.13277 

3J.80118 

31.47853 
31.16424 
30.85778 
30.55871 

30.26661 
29.98113 
29.70194 
29.42876 
29.16134 

28_89942 
?R A4?RO 

28.39128 
28.14467 
27.90281 
27.66553 
27.43270 
26.86917 
26.33061 
25.81531 

25.32175 
24.84856 
24.39449 
23.95841 
23_53926 

• 161.161 38.81880 
165 38.76262 

Isotherm 
derivative 

I·bar/mol 

968.20 
947.29 
928.41 
911.35 
881.99 
857.93 
838.10 

821.63 
807.82 

796.10 
786.03 
777.26 
769.53 
762.63 
756.39 
750.68 
745.42 

740.51 
735.90 
731.55 
727.41 
723.46 
719.67 
716.03 
709.13 
702.66 
696.59 

690.<10 

685.45 
680.35 
675.53 
070.98 

666.70 
662.67 
658.87 
655.31 
651.97 

648.85 
A4<; Q'\ 

643.21 
640.67 
638.32 
636.13 
634.11 
629.74 
626.24 
623.51 

621.47 
620.05 
619.16 
618.76 
6J8.78 

1201.41 
1172.41 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

21.14 
21.30 
21.37 
21.37 
21.21 
20.88 
20.45 

19.97 
19.15 

18.92 
18.40 

17.88 
17.38 
16.90 
16.44 
16.00 
15_59 

15.19 
14.82 
14.46 
14.12 
13.80 
13.49 
13.20 
12.66 
12.16 
11.71 

11.30 
10.91 
10.56 
10.22 
9.91 

9.62 
9.35 
9.10 
8.86 
8.63 

8.41 
R ?O 

8.01 
7.82 

7.65 
7.48 
7.31 
6.94 
6.60 
6.29 

6.01 
5.75 
5.51 
5.29 
5.09 

16.92 
17.79 

Internal 
energy 
J/mol 

-309.8 
-161.7 
-12.7 
137.1 
438.1 
739.7 

1040.6 

1340.1 
1637.5 

1932.6 
2225.0 

2514.6 
2801.5 
3085.5 
3366.9 
3645.6 
3921.7 

4195.5 
4467.0 
4736.4 
5003.7 
5269.1 
5532.8 
5794.8 
6314.3 
6828.6 
7338_5 

7<144.11 
8348.0 
8848.9 
9347.9 
9845.6 

10342.4 
10838.6 
]]334.6 
11830.8 
12327.3 

12824.4 
1'\'\?? '\ 

13821.1 
14321.0 
14822.1 
15324.6 
15828.4 
17094.4 
18370.2 
19655.9 

20951.6 
22257.0 
23571.9 
24895.8 
26228.3 

Enthalpy 
J/mo) 

.16833.2 
17031.5 
17232.5 
17435.6 
17846.7 
18261.9 
18678.8 

19095.7 
19511.3 

19924.7 
20335.4 
20742.9 
21147.0 
21547.6 
21944.8 
22338.5 
22728_8 

23Jl6.0 
23500.1 
23881.2 
24259.7 
24635_5 
25008.9 
25380.0 
26]]6.0 
26844.7 
27567.1 

~ll:i1l4.3 

28997.0 
29706.1 
30412.3 
SlllO.1 

31818.2 
32518.9 
33218.7 
33918.0 
34617.1 

35316.2 
'lAmS A 

36715.5 
37416.0 
38117.3 
38819.5 
39522.8 
41285.7 
43056.3 
44834.7 

46621.2 
484]5.5 

50217.3 
52026.2 
53841.8 

7000 bar Isobar 

-878.0 
-774.7 

17154.5 
17284.0 

Entropy 
J/mol'K 

89.69 
90.75 
91.80 
92.82 
94.83 
96.76 
98.6] 

100.39 
102.09 

103.71 
105.26 
106.74 
108.16 
109.52 
110.82 
lJ2.07 
113.27 

114.42 
115.54 
116.61 
117.65 
118.65 
119.62 
120.56 
122.36 
124.05 
125.66 

l~'.H! 

128.64 
130.03 
131-36 
132.64 

133.87 
135.06 
136.21 
137.32 
138.39 

139.44 
141140. 

141.44 
142.40 

143.33 
144.24 
145.13 
147.27 
149.29 
151.22 

153.05 
154.80 
156.48 
158.09 
159.63 

84.03 
84.82 

C,. 
J/mo!'K 

33.41 
33.58 
33.67 
33.72 
33.68 
33.51 
33.26 

32.95 
32_61 

32.25 
31.89 

31.53 
3U7 
30.83 
30.49 
30.17 
29.87 

29.58 
29.31 
29.05 
28.81 
28.58 
28.37 
28.16 
27.80 
27.48 
27.21 

:Lb.'} I 

26.78 
26.61 
26.47 
26.30 

26.27 
26.20 
26.15 
26.11 
26.09 

26.09 
?A I1Q 

26.10 
26.12 

26.15 
26.18 
26.22 
26.34 
26.47 
26.61 

26.76 
26.90 
27.05 
27.19 
27.32 

30.64 
31.25 

Cp 

J/mo!'K 

39.35 
39.94 
40.43 
40.82 
41.36 
41.64 
41.71 

41.64 
41.46 

41.21 
40.91 

40.58 
40.24 
39.89 
39.54 
39.20 
38.87 

38.56 
38.26 
37.98 
37.71 
37.46 
37.22 
37.00 
36.61 
36.27 
35.9B 

j!:>.14 

35.54 
35.38 
35.25 
35.14 

35.07 
35.01 
34.97 
34.96 
34.95 

34.96 
,\4 QR 

35.0] 

35.04 
35.09 
35.14 
35.19 
35.33 
35,49 
35.65 

35.21 
35.96 
36.11 
36.25 
36.38 

33_19 
34.22 

Velocity 
of sound 

mls 

2018. 
2006. 
1995. 
1984. 
1966. 
1951. 
1937. 

1925. 
1915. 

1906. 
1897. 

1890. 
1883. 
1877. 
1871. 
1866. 
1861. 

1856. 
J852. 
1848. 
1844. 
1840. 
1836. 
1833. 
1826. 
1819. 
1813. 

jllUll. 

1802. 
1797. 
1792. 
1787. 

1782. 
1778. 
1774. 
1770. 
1766. 

1762. 
170.8 

1755. 
1752_ 
1749_ 

1746. 
1743. 
1737. 
1731. 
1727. 

1723. 
1720. 
1718. 
1716. 
1715. 

2155. 
2141. 



Temper. 
ature 
kelvin 

170 

175 
180 

185 
100 

195 

200 

210 
220 

230 

240 

250 

260 

270 
280 
290 

300 
310 
320 
330 

340 

350 
300 

370 

380 
390 
400 
420 

440 

460 

480 

500 
520 
540 

560 

580 
600 
620 

640 
660 

680 

700 

720 
740 
760 
780 

800 

850 
900 
950 

1000 
1050 

1100 
1150 
[200 

Density 
mol/l 

38.68348 

38.59824 

38.50758 

38.41215 
38.31258 

38.20943 

38.10325 

37.88376 
37.65760 

37.42761 

37.1960] 

36.96454 

36.73444 

36.50664 
36.28177 
M.00020 

35.84237 

35.62823 

35.41789 
35.21135 

35.00855 
34.80940 
34.bJ38J 

34.42166 

34.23282 
34.04719 

33.86462 
33.50825 

33.16280 
32.82746 

32.50149 
32.18423 
31.87511 
31.57362 

31.27930 

30.99176 
30.71063 
30.43559 
30.16636 

29.90268 

29.64432 

29.39107 

29.14272 

28.89910 
28.66004 
28.42540 

28.19503 

27.63692 
27.10281 

26.59106 

26.10023 
25.62904 

25.17630 
24.74094 
24.32199 

Isotherm 
derivative 
I·bar/mol 

1137.55 

1105.75 

1076.79 

1050.45 
1026.52 

1004.79 

985.08 

950.96 
922.0G 

899.62 

880.32 

864.16 
850.53 

838.90 
828.88 
820.14 

812.42 
805.53 
799.31 
793.03 

788.40 

783.53 
I/B.':Fi 

774.67 

770.59 
766.70 
762.97 
755.95 

749.39 

743.23 

737.42 
731.93 

726.72 
721. 79 

717.12 

712.70 
708.52 
704.57 
700.84 

697.32 

694.01 
690.90 

687.98 

685.25 
682.69 

680.30 
678.08 

673.20 
669.20 
665.99 

663.49 
661.62 

660.33 
659.53 

659.19 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

18.72 

19.47 

20.06 

20.51 
20.83 

21.05 

21.18 

21.24 
21.09 

20.79 

20.40 

19.96 
19.48 
]8.99 

18.50 
18.02 

]7.55 

17.10 
]6.66 
1t).24 

15.84 
15.46 
15.10 

14.76 

14.43 
14.]] 

13.81 
13.26 

12.75 

12.28 

11.85 
11.46 
11.09 
10.75 

10.43 

10.13 
9.85 
9.59 
9.34 

9.10 

8.88 

8.66 

8.46 

8.27 
8.08 
7.91 
7.74 

7.35 
7.00 

6.67 

6.38 
6. II 
5.86 

5.63 

5.42 

Internal 
energy 
Jlmol' 

-637.4 

-497.6 
-355.5 

-211.4 
-65.0 

81.0 

228.8 

526.3 
025.2 

1124.1 

1422.1 
1718.5 

2012.8 

2304.8 

2594.2 
288U.\I 

3165.0 
3446.4 
3725.2 
4UOJ.b 

4275.5 

4547.2 
4816.7 

5084.2 

5349.8 
5613.5 
5875.6 
6395.3 

6909.6 

7419.4 

7925.5 

8428.5 
8929.0 
9427.6 

9924.8 

10421.1 
10916.7 
11412.2 

11907.7 
12403.6 

12900.0 
13397.3 

13895.4 

14394.7 
14895.1 

15396.9 
15900.0 

17164.4 
18438.5 
19722.7 

21016.9 
22321.1 
23634.8 

24957.6 
26289.1 

Enthalpy. 
J/mol 

17458.1 

17638.0 

17822.8 
18012.0 
19204.9 

18401.0 

18599.9 

19003.9 
19413.7 

19826.9 

20241.3 

20655.6 
21068.5 

21479.4 

21887.6 
22l!Yl!.\I 

22694.9 
. 23093.7 

23489.3 
:l;:Slll:l1.b 

24270.6 
24656.7 
25039.9 

25420.2 

25798.0 

26173.2 
26546.2 

. 27285.7 

28017.6 
28743.0 

29463.0 
30178.2 

30889.7 
31598.0 

·32303.8 

33007.7 
33710.2 
34411.6 
35112.4 
35812.9 

36513.3 
37214.0 

37915.1 

38616.9 
39319.3 
40022.7 

40727.1 
42492.8 
44266.1 
46047.3 

47836.6 
49633.9 
51438.7 

53250.8 

55069.6 

Entropy 
J/rnol·K 

85.86 

86.91 

87.95 

88.98 
00.01 

91.03 

92.04 

94.01 
95.92 

97.75 

99.52 

1OI.21 
102.83 

104.38 

105.86 
107.2\1 

108.65 
109.96 

111.21 
112.42 

113.58 

114.70 
115.78 

116.82 

117.83 
118.80 

119.75 
121.55 

123.25 
124.87 

126.40 
127.86 

129.25 
130.59 

131.87 
133.]] 

134.30 
135.45 
136.56 

137.64 

138.69 

139.70 

140.69 

141.65 
142.59 
143.50 

144.39 
146.5:1 

148.56 

150.49 

152.32 
154.08 

155.75 
157.37 

158.91 

Cf 

J/rnoI·K 

31.92 

32.46 

32.88 

33.21 
33A5 

33.62 

33.73 

33.80 
33.71 

33.52 

33.25 
32.94 

32.60 

32.25 
31.89 
31.:>4 

31.19 
30.85 

30.53 
30.22 

29.92 
29.64 
29.38 

29.13 

28.89 

28.67 
28.46 

28.08 

27.75 
27.46 

27.21 
27.00 

26.83 
26.68 

26.56 

26.46 
26.38 
26.32 

26.28 
26.26 

26.24 

26.24 

26.25 
26.27 
26.29 
26.32 

26.35 
2() 46 

26.58 
26.72 

26.86 
27.00 
27.14 

27.27 

27.40 

C. 
J/rnol·K 

35.42 

36.49 

37.42 
'38.23 
39.93 

39.52 

40.01 

40.74 
41.19 

41.41 

41.46 

41.38 

41.20 

40.96 

40.68 
40.37 

40.05 

39.72 

39.39 
39.07 

38.76 

38.46 
38.17 

37.90 

37.65 
37.41 

37.18 
36.78 

36.43 

36.13 

35.87 
35.66 
35.49 
35.35 

35.24 

35.15 

35.09 
35.05 
35.03 
35.02 

35.03 
35.04 

35.07 
:15.10 

35.15 
35.19 
35.24 
3539 

35.54 
35.71 

35.87 
36.02 

36.17 
36.31 

36.44 

Velocity 
of sound 

mls 

2123. 

2106. 

2091. 

2078. 
2065. 

2053. 

2042. 

2023. 
2006. 

1992. 

1979. 

1968. 

1959. 

1950. 

1943. 
1936. 

1930. 
1924. 

1919. 
1914. 

1909. 
1905. 
1901. 

1897. 

1893. 

1890. 
1886. 
1880. 

1874. 

1868. 

1863. 
1858. 

1853. 
1848. 

1843. 

1839. 
1834. 
1830. 
1826. 

1822. 

1818. 
1815. 

1811. 
lR08 

1805. 
1802. 

1799. 
1793. 

1787. 

1782. 

1778. 
1775. 

1772. 

1770. 

1769. 
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Temper. 

ature 
kelvin 

• 166.315 
170 

175 

180 
185 

190 

195 

200 
210 

220 

230 
210 

250 

260 
270 

280 

290 
300 
310 

320 

330 
340 

350 

360 

370 
6/lU 

$90 

400 
420 
440 

460 

480 
500 

520 
540 

560 

580 
600 

620 

640 
660 

680 
700 

720 

740 

760 
780 
800 
850 
900 
950 

Density 

molll 

39.15539 
39.10575 

39.03282 

38.95404 
38.87003 

38.78137 

38.68862 

38.59230 

38.39094 

38.18081 
37.96488 
37. 71,551l 

37.52482 

37.30410 
37.03452 

36.86691 

36.65186 
36.43975 
36.23004 

36.02529 

35.82315 
35.62444 

35.42913 

35.23716 

35.04845 
M.llb:l\lU 

34.68042 
34.50090 

34.15033 
33.81038 

33.48028 

33.15933 
32.84689 

32.54241 

32.24537 
31.95534 

31.67191 
31.39472 

31.12347 

30.85785 
30.59762 

30.34255 
30.09242 

29.84704 

29.60623 

29.36983 
29.13769 
28.90967 
'28.35682 
27.82711 
27.31898 

Isotherm 
derivative 
l·bar/mol 

1260.26 
1232.21 

1196.89 

1164.57 
1135.01 

1108.03 

1083.41 

1060.96 

1021.90 

989.49 
962.58 
040.17 

921.40 

905.59 
392.17 

880.67 

870.72 

862.03 
054.34 

847.47 
841.27 

835.62 

830.42 

825.59 

821.08 
l:!lb.l;3 

812.80 
808.97 

B01.78 
795.12 

788.89 

783.01 

777.45 

772.18 
767.17 
762.41 

757.89 

753.60 
749.52 

745.66 
742.00 
738.54 

735.27 

732.19 

729.29 

726.56 
724.00 
721.60 
716.26 

711.81 
708.16 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar-K 

16.35 
17.20 

18.18 

18.98 
19.62 

20.12 

20.50 
20.78 

21.08 

21.12 
20.98 
20.71 

20.36 

19.95 
19.51 

19.06 

18.60 
18.15 
17.71 

17.28 
16.86 

16.46 

16.08 

15.71 
15.36 
1::>.03 

14.71 
14.41 

13.84 
13.31 

12.84 

12.39 
11.99 

11.61 

11.26 
10.93 

10.62 

10.33 

10.06 

9.80 
9.56 
9.33 

9.11 

8.90 

8.70 

8.51 
8.33 
8.15 
7.75 

7.38 
7.05 

Internal Enthalpy 
energy l/mol 
Jlmol 

7500 bar Isobar 

-619.6 
-520.6 

-383.8 

-244.5 
-103.2 

39.9 

184.4 

330.0 

623.9 

919.8 

1216.3 
1512.5 

1807.5 

2100.9 
2392.1 

2681.1 

2967.5 
3251.5 
3532.9 

3811.7 

4088.1 
4362.2 

4634.0 

4903.6 

5171.2 
54,~6.9 

5700.8 

5962.9 
6482.7 
6997.0 

7506.7 

8012.6 
8515.3 

9015.5 
9513.8 

10010.5 
10506.3 
]J001.4 

11496.3 

11991.2 
12486.4 
12982.2 

13478.8 

13976.2 

14474.8 

14974.5 
15475.6 
15978.0 
17240.7 

18513.1 
19795.7 

18534.8 
18658.2 

18830.8 

19008.9 
1919}.9 

19379.0 

19569.9 

19764.0 

20159.8 

20563.2 

20971.4 
2131l2A 

21794.3 

22205.9 
22616.2 

23024.5 
23430.4 

23833.4 
24233.4 

24630.4 

25024.3 
25415.2 

25803.0 

26188.0 

26570.2 
26949.7 

27326.8 

27701.5 
28444.4 
29179.5 

29908.0 

30630.7 
31348.5 

32062.4 
32772.9 
33480.8 
34186.6 

34890.8 

35593.9 

36296.2 
36998.2 

37700.0 
38402.0 

39104.4 

39807.3 

40510.9 
41215.5 
41920.9 

43689.3 
45465.2 
47249.1 

Entropy 
l/mo)·K 

84.63 
85.36 

86.36 

87.37 
88.37 

89.37 

90.36 

91.34 

93.27 

95.15 
96.96 
93.71 

100.39 

102.01 
103.56 

105.04 
106.47 
107.83 
109.14 

110.40 

111.62 
112.78 

113.91 

114.99 

116.04 
117.05 

]]8.03 

118.98 
120.79 
122.50 

124.12 

125.66 
127.12 

128.52 
129.86 
131.15 
132.39 

133.58 

134.74 

135.85 
136.93 

137.98 
139.00 

139.99 

140.95 

141.89 
142.80 
143.70 
145.84 
147.87 

149.80 

C.' 
J/mo)·K 

30.70 
31.27 

31.92 

32.45 
32.88 

33.21 

33.45 

33.63 

33.81 

33.82 
33.69 
',l~U.ll 

33.21 

32.90 
32.56 

32.22 

31.87 

31.52 
31.19 

.30.86 

30.55 
30.24 

29.96 

29.69 

29.43 
29.18 

28.95 
28.74 

28.34 
28.00 

27.70 

27.44 
27.22 

27.03 

26.88 
26.75 

26.64 
26.56 

26.49 

26.45 
26.41 

26.39 

26.39 

26.39 
26.40 

26.42 
26.45 
26.48 
26.58 
26.69 

26.82 

C. 
J/mol·K 

33.00 
33.94 

35.10 

36.12 
37.03 

37.82 

38.51 

39.10 

40.01 

40.62 

40.99 
41 17 

41.19 

41.11 
10.01 

40.71 

40.45 
40.16 
39.85 

39.54 
39.24 

38.93 

38.64 

38.36 

38.09 
37.83 

37.59 

37.36 

36.94 
36.58 

36.27 

36.01 
35.79 

35.60 
35.45 
35.34 
35.25 

35.18 

35.13 

35.10 
35.09 
35.09 

35.11 

35.13 

35.16 

35.20 
35.25 
35.30 
35.44 
35.60 
35.76 

Velocity 
of sound 

mls 

2199. 
2185. 

2167. 

2151. 
2136. 

2123. 

2110. 

2098. 

2078. 

2060. 

2045. 
?O.~l 

2020. 

2010. 
2001. 

1993. 

1986. 
1980. 
1974. 

1969. 
1964. 

1960. 

1955. 

1951. 

1948. 
1944. 

1941. 

1938. 

1931. 
1926. 

1920. 

1915. 
1910. 

1905. 
1901. 
1896. 

1892. 
1888. 

1884. 

1880. 
1876. 
1872. 

1869. 

1865. 
1862. 

1859. 
1856. 
1853. 
1847. 
1841. 

1836. 



Temper. 
ature 
kelvin 

1000 
1050 

1100 
1150 
1200 

Density 
molll 

26.83104 
26.36207 

25.91093 
25.47663 
25.05823 

* 171.346 39.48060 
175 39.43516 

180 39.36769 
185 39.29461 
190 39.21647 
195 39.13382 
?OO !'\Q 11471<1 

210 38.86364 
220 38.66949 
230 38.46773 
240 38.26089 
250 38.05106 

260 37.83991 
270 37.62873 
280 37.41851 
290 37.20999 
300 37.00371 
310 36.80003 
320 36.59920 

. 330 36.40138 
340 36.20664 
350 36.01502 

360 35.82649 
370 35.64102 
380 35.45855 
390 .35.27900 

400 35.10229 
420 34.75703 
440 34.42207 
460 34.0967 J 
480 33.78028 
500 33.47218 

520 33.17187 
540 32.87885 
560 32.59269 
580 32.31298 
fiOO 3'2.0393ll 

620 31.77157 
640 31.50926 
660 31.25220 
680 31.00016 
700 30.75292 

720 30.51030 
740 30.27212 
760 30.03821 
780 29.80844 
800 29.58266 
850 29.03486 

Isotherm 
derivative 
]·bar/mol 

705.23 
702.96 

701.27 
700.10 
699.41 

1318.03 
1290.02 

1254.38 
1221.64 
1191.60 
1J64.07 
lJ3ll.!!7 

1094.73 
1057.85 
1027.04 
1001.28 
9i9.67 

961.45 
946.01 
932.83 
921.48 
911.63 
903.00 
895.36 
888.52 
882.36 
876.74 

871.57 
866.79 
862.32 
858.11 

854.14 
846.75 
839.96 
833.64 
827.70 
822.08 

816.76 
811.70 
806.88 
802.29 
707.9] 

793.75 
789.79 
786.02 
7R2.44 

779.05 

775.83 
772.79 
769.91 
767.20 
764.65 
758.92 
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Thermodynamic properties of nitrogen-Continued 

Isochore I 
derivative 

bar·K ! 

6.75 
6.47 

6.2] 
5.97 
5.75 

15.77 
16.64 

17.65 
18.50 
19.18 
19.73 . 
20.16 

20.73 
20.99 
21.02 
20.89 
20.65 

20.32 
19.95 
19.54 
19.12 
18.69 
18.27 
17.85 
17.44 
17.05 
J6.66 

16.30 
J5.95 
15.61 
1::>.:L~ 

14.97 
14.39 
13.86 
13.37 
12.92 
12.50 

12.11 
11.75 
J 1.41 
11.10 
10.80 

10.52 
10.25 
10.00 
977 

9.54 

9.32 
9.12 
8.92 
8.74 
8.56 
8.14 

, 

Internal 
energy 
llmol 

21088.4 
2239l.J 

23703.5 
25025.1 
26355.4 

Enthalpy 
j/mol 

49041.1 
5084J.l 

52648.8 
54463.8 
56285.7 

8000 bar Isobar 

-359.2 
-261.1 

-124.7 
14.0 

154.5 
296.6 
1~0.1 

730.1 
1022.7 
1316.6 
1610.7 

1904.1 

2196.1 
2486.5 
2774.7 
3060.7 
3344.3 
3625.5 
3904.3 
4180.7 
4454.8 
4726.6 

4996.3 
5264.0 
5529.7 
::>I!I:l.6 

6055.9 
6575.7 
7090.0 
7599.6 
8105.3 
8607.8 

9107.7 
9605.5 

10101.8 
10597 . .1 
11091.7 

11586.0 
12080.3 
12574.9 
130701 

13565.9 

14062.7 
14560.6 
15059.6 
15560.0 
16061.7 
17322.6 

19903.9 
20025.4 

20]96.5 
20373.0 
20554.1 
20739.3 
20928.2 

21314.9 
2]710.9 
22113.3 
??S19 R 

22928.4 

23337.8 
23746.8 
24154.5 
24560.3 
24963.8 
25364.6 
25762.7 
26157.9 
26550.1 
26939.5 

27326.1 
27710.0 
28091.3 
28470.0 
28846.4 
29592.6 
30330.9 
31062.3 
31787.8 
32508.2 

33224.5 
33937.3 
34647.2 
35355.0 
36061.0 

36765.8 
37469.7 
38173.1 
3llll76A 

39579.7 

40283.4 
40987.5 
41692.4 
42398.0 
43104.6 
44875.6 

Entropy 
J/mol·K 

151.64 
153.39 

155.08 
156.69 
158.24 

85.21 
85.91 

86.87 
87.84 
88.80 
89.77 
90.72 

92.61 
94.45 
96.24 
97Q7 

99.64 

101.24 
102.79 
104.27 
105.69 
107.06 
108.38 
109.64 
110.86 
112.03 
113.16 

114.24 
115.30 
116.31 
117.30 
118.25 
120.07 
121.79 
123.41 
124.96 
126.43 

127.83 
129.18 
1.30.47 
131.71 
132.91 

134.06 
135.18 
136.26 
137.31 

138.33 

139.32 
110.29 
141.2:J 

142.14 
14:1.04 

145.19 

C,. 
Jlmo)·K 

26.96 
27.09 

27.23 
27.36 
27.48 

30.7] 

31.26 

31.90 
32.42 
32.8'~ 

33.17 
33.42 

33.73 
33.83 
33.79 
33.64-

33.41 

33.14 
32.83 
32.50 
32.16 
31.82 
31.49 
31.16 
30.85 
30.54 
30.25 

29.97 
29.71 
29.46 
29.22 
29.00 
28.60 
28.24 
27.93 
27.66 
27.13 

27.23 
27.07 
26.93 
26.82 
2().73 

26.65 
26.60 
26.56 

. 26.54 

26.53 

26.53 
26.53 
26.55 
26.57 
26.60 
26.69 

C. 
J/mo!·K 

35.92 
36.08 

36.23 
36.37 
36.50 

32.78 
33.67 

34.78 
35.77 
36.65 
37.4.3 
30.10 

39.19 
39.96 
40.48 
40.79 

40.93 

40.93 
40.flS 
40.68 
40.47 
40.22 
39.95 
39.66 
39.37 
39.08 
38.80 

38.52 
38.25 
38.00 
37.75 
37.52 
37.10 
36.73 
36.41 
36.14 
35.91 

35.72 
35.56 
35.44 
35.34 
35.27 

35.21 
35.18 
35.17 
35.16 

35.17 

35.19 
35.22 
35.26 
35.30 
35.35 
35.49 

Velocity 
of sound 

m/s 

1832. 
1828. 

1825. 
1823. 
1821. 

2241. 
2227. 

2210. 
2194. 
2179. 
2165. 
21,,3. 

2131. 
2112. 
2096. 
20B2. 

2070. 

2059. 
'0:;0 
2042. 
2034. 
2028. 
2022. 
2017. 
2012. 
2008. 
2003. 

2000. 
1996. 
1993. 
1989. 
1986. 
1980. 
1975. 
1970. 
1965. 
1960. 

1956. 
1951. 
1947. 
1943. 
1939. 

1935. 
1931. 
1927. 
1924. 

1920. 

1917. 
1914. 
1911. 
1908. 
1905. 
1898. 
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Temper· 
ature 
kelvin 

900 
950 

1000 
1050 

1100 

U50 
1200 

Density 
mol/J 

28.50946 
28.00493 
27.51995 
27.05332 

26.60399 

26.17098 
25.75340 

• 176.261 39.79547 
180 39.75246 
185 39.68981 

190 39.62177 
195 39.54885 
200 39.47154 
210 39.30554 
220 39.12723 
230 38.93962 
240 38.74535 
250 38.54662 
260 38.34522 
270 .38.14262 

280 37.93996 
290 37.738]] 
300 37.53774 
3JO 37.33933 
320 37.14325 
330 36.94972 
340 36.75890 

350 36.57087 
360 36.38568 
370 36.20332 

380 36.02377 
390 35.84699 
400 35.67291 
420 35.33259 
440 35.00222 
460 34.68118 
480 34.36886 
500 34.06469 
520 33.76816 
540 33.47878 

560 33.19612 
580 32.91980 
600 32.64945 
620 32.38478 
640 32.12550 
660 31.87J35 
680 31.622JO 
'700 31.37754 
720 31.13748 
740 30.90J 75 

760 30.670J9 
780 30.44264 
800 30.21897 

Isotherm 
derivative 
J·bar/mol 

754.06 
750.01 
746.69 
744.03 

741.97 

740.45 
739.42 

1374.73 
1345.94 
1310.06 

1277.00 
1246.58 
1218.60 
1169.33 
1127.85 
1093.00 
1063.69 
1039.03 
1018.20 
1000.54 

985.48 
972.56 
961.40 
951.67 
943.J2 
935.54 
928.75 

922.63 
917.05 
911.92 

907.18 
902.75 
898.60 
890.95 
883.99 
877.56 
871.55 
865.88 
860.52 
855.42 

850.56 
845.92 
841.49 
837.26 
833.23 
829.38 
825.7J 
822.2J 
818.89 
815.73 

8J2.73 
809.90 
807.21 
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Thermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

7.76 
7.42 
7.10 
6.81 

6.30 
6.07 

15.19 
16.09 
17.J4 

HI. 02 
]8.75 

19.34 
20.19 
20.69 
20.91 
20.94 
20.82 
20.59 
20.29 

19.94 
19.57 
J9.18 
18.78 
18.38 
]7.98 
17.59 

17.22 
16.85 
16.50 

]6.J6 
15.84 
15.52 
14.93 
J4.39 
J3.89 
13.43 
13.00 
12.60 
12.23 

11.88 
11.56 
11.25 
10.97 
10.69 
10.44 
1O.J9 
9.96 
9.74 
9.53 

9.33 
9.14 
8.95 

Internal 
energy 
J/moJ 

18593.3 
19874.2 
21l65.3 
22466.5 

23777.4 

25097.6 
26426.7 

, 
Enthalpy 

J/mol 

46654.1 
48440.6 
50235.1 
52037.7 

£;3040.0 

55665.8 
57490.6 

8500 bar Isobar 

-96.9 
3.3 

139.2 

277.3 
417.0 
558.3 
844.2 

1133.4 
1424.4 
1716.1 
2007.5 
2298.1 
2587.2 

2874.5 
3159.9 
3443.0 
3723.8 
4002.4· 
4278.6 
4552.6 

4824.4 
5094.1 
5361.8 

5627.5 
5891.5 
6153.7 
6673.5 
7187.8 
7697.3 
8202.9 
8705.1 
9204.7 
9702.1 

10198.0 
10692.8 
11186.9 
11680.7 
12174.4 
12668.4 
13162.8 
13658.0 
14154.1 
14651.3 

15149.6 
15649.3 
16150.3 

21262.3 
21385.6 
21555.3 

21730.1 
21909.5 
22092.8 
22469.7 
22857.4 
23253.1 
23654.2 
24058.7 
24465.1 
24872.0 

25278.4 
25683.5 
26086.9 
26488.0 
26886.7 
27282.8 
27676.3 

28066.9 
28454.9 
28840.3 

29223.1 
29603.4 
29981.3 
30730.7 
31472.0 
32206.3 
32934.6 
33657.6 
34376.3 
35091.4 

35803.4 
36513.2 
37221.0 
37927.6 
38633.1 
39338.1 
40042.8 
40747.5 
41452.4 
42157.8 

42863.8 
43570.6 
44278.3 

Entropy 
J/moJ·K 

147.22 
149.15 
150.99 
152.75 

154.43 

156.05 
157.60 

85.76 
86.46 
87.39 

1l1l.32 

89.25 
90.18 
92.02 
93.82 
95.58 
97.29 
98.94 

100.53 
102.07 

103.54 
104.97 
106.33 
107.65 
108.92 
JIO.13 
II 1.31 

112.44 
113.53 
114.59 

115.61 
116.60 
117.56 
119.38 
J21.11 
122.74 
J24.29 
J25.77 
127.18 
128.52 

129.82 
131.06 
132.26 
133.42 
134.54 
135.63 
136.68 
137.70 
138.69 
139.66 

140.60 
J41.52 
142.42 

C, 
J/moJ·K 

26.80 
26.92 
27.05 
27.18 

27.31 

27.44 
27.56 

30.67 
31.22 
3J.84 

.~2 .. ~5 

32.77 
33.10 
33.54 
33.76 
33.81 
33.72 
33.55 
33.32 
33.04 

32.74 
32.42 
32.09 
31.76 
31.44 
31.12 
30.82 

30.52 
30.24 
29.98 

29.72 
29.48 
29.25 
28.84 
28.47 
28.15 
27.87 
27.63 
27.42 
27.25 

27.10 
26.98 
26.89 
26.81 
26.75 
26.71 
26.68 
26.66 
26.66 
26.66 

26.67 
26.69 
26.71 

Cp 

J/mol·K 

35.65 
35.81 
35.97 
36.13 

36.20 

36.43 
36.56 

32.54 
33.41 
34.47 

35.43 

36.28 
37.04 
38.28 
39.21 
39.87 
40.31 
40.57 
40.68 
40.68 

40.59 
40.43 
40.23 
40.00 
39.74 
39.48 
39.20 

38.93 
38.67 
38.40 

38.15 
37.91 
37.68 
37.26 
36.88 
36.56 
36.28 
36.04 
35.84 
35.67 

35.54 
35.44 
35.36 
35.30 
35.26 
35.24 
35.23 
35.24 
35.26 
35.28 

35.32 
35.36 
35.4J 

Velocity 
of sound 

mls 

1892. 
1887. 
1883. 
1879. 

1076. 

1873. 
1871. 

2282. 
2268. 
2250. 

2234. 
2220. 
2206. 
2183. 
2163. 
2145. 
2130. 
2118. 
2107. 
2097. 

2088. 
2081. 
2074. 
2068. 
2063. 
2058. 
2054. 

2050. 
2046. 
2042. 

2039. 
2036. 
2033. 
2027. 
2022. 
2017. 
2012. 
2008. 
2004. 
1999. 

1995. 
1991. 
1988. 
1984. 
1980. 
1976. 
1973. 
1970. 
1966. 
1963. 

1960. 
1957. 
1954. 



Temper-
ature 
kelvin 

850 
900 
950 

1000 
1050 
1100 
1150 

1200 

Density 
molJl 

29.67599 
29.15475 
28.65377 
28.17175 
27.70754 
27.26012 
26.82857 

26.41202 

• 181.071 40.10090 
J85 40.05896 

190 40.00059 
lQi; .'\Q Q:nn~ 

200 39.86876 
210 39.71983 
220 39.55710 
230 39.38358 
240 39.20192 
250 39.01439 
260 38.82291 
270 38.62906 

280 38.434]) 
290 38.23908 
300 38.04474 
310 37.85171 
320 37.66042 
330 37.47120 
340 37.28429 
350 37.09983 
360 36.91791 
370 36.73858 

380 30.56186 

390 36.387i3 
400 36.21615 
420 35.88048 
440 35.55439 
460 35.23733 
480 34.92878 
500 34.62821 
520 34.33512 
540 34.04904 

560 33.76957 
580 33.49633 

600 33.22896 
620 32.96716 
640 32.71065 
660 32.4SQ 17 
680 32.21249 
700 31.97041 
720 31.73273 
740 31.49927 

760 31.26989 
780 31.04443 
800 30.82275 

Isotherm 
derivative 
l·bar/mol 

801.14 
795.94 
791.52 
787.84 
784.82 
782.42 
780.56 

779;22 

1430.41 
1400.05 

1364.01 
n~o 71 

1299.98 
1245.55 
1199.41 
1160.38 
1127.40 
1099.51 
1075.89 
1055.83 

1038.73 
1024.07 
1011.44 
1000.47 
990.89 
982.44 
974.93 
968.21 
962.14 
956.60 

951..';2 

946.82 
942.45 
934.47 
927.29 
920.72 
914.63 
908.91 
903.51 
898.38 

893.49 
888.B2 

884.35 
880.08 
875.99 
R72.0R 
868.34 
864.77 
861.37 
858.12 

855.03 
852.09 
849.29 

THERMODYNAMIC PROPERTIES OF NITROGEN 

Thermodynamic properties of nitrogen-Continued 

Isochore I. 

derivative 

bar·K i 

8.52 
8.13 
7.78 
7.45 
7.15 
6.87 
6.62 

6.38 

14.60 
15.58 

16.65 
1756 

18.32 
19.48 
20.22 
20.65 
20.85 
20.87 
20.75 
20.55 

20.27 
19.95 
19.60 
19.23 
18.86 
18.48 
18.11 
17.74 
17.38 
17.03 

16.09 

16.37 
16.05 
15.46 
14.91 
14.40 
13.92 
13.49 
13.08 
12.70 

12.34 
12.01 

lLiO 
11.40 
11.12 
IO.flli 

10.61 
10.37 
10.14 
9.93 

9.72 
9.52 
9.33 

Internal 
energy 
Jlmol 

17409.3 
18678.3 
19957.4 
21246.9 
22546.5 
23855.9 
25174.7 

26502.5 

Enthalpy 
Jlmol 

46052.0 
47833.1 
49622.0 
51419.0 
53224.0 
55036.9 
56857.3 

58684.8 

9000 bar Isobar 

166.9 
271.9 

407.5 
544.9 

683.9 
965.7 

1251.3 
1539.1 
1828.2 
2]]7.4 
2406.2 
2693.9 

2980.1 
3264.5 
3547.0 
3827.3 
4105.5 
4381.5 
4655.3 
4926.9 
5196.5 
5464.2 

5729.\1 

5993.8 
6256.0 
6775.8 
7290.0 
7799.3 
8304.7 
8806.7 
9305.9 
9803.0 

10298.5 
10792.9 

11286.4 
11779.6 
12272.7 
l?7lili.l 

13260.0 
13754.5 
14249.9 
14746.4 

15244.0 
15742.9 
16243.2 

22610.3 
22738.8 

22907.2 
230BOA 

23257.9 
23624.4 
24003.2 
24391.3 
24786.2 
25185.8 
25588.4 
25992.4 

26396.8 
26800.7 
27203.4 
27604.3 
28003.3 
28399.9 
28794.1 
29185.8 
29574.9 
29961.6 

3Uj4;'.1 

30727.4 
.3]]06.8 
31859.1 
32603.3 
33340.4 
34071.4 
.~4797.0 

35518.2 
36235.5 

36949.7 
3766 \.5 

38371.2 
39079.5 
39786.7 
404'J.q ::\ 
41199.4 
4J905.5 
42611.8 
43318.5 

44025.7 
44733.6 
45442.4 

Entropy 
J!mo)·K 

144.57 
146.60 
148.54 
150.38 
152.J4 
153.83 
155.45 

J57.00 

86.30 
87.01 

87.90 
9S.S0 

89.70 
91.49 
93.25 
94.98 
96.66 
98.29 
99.87 

101.39 

102.86 
104.28 
105.65 
106.96 
108.23 
109.45 
110.62 
ll1.76 
112.86 
113.92 

J14.Y4 

115.93 
116.89 
l1B.73 
120.46 
122.10 
123.65 
125.13 
126.55 
127.90 

129.20 
130.'15 

131.65 
132.81 
133.94 
1 'IS O? 

136.08 
137.10 
138.09 
139.06 

140.01 
140.93 
141.82 

C,. 
Jlmol·K 

26.80 
26.90 
27.02 
27.14 
27.27 
27.39 
27.52 

27.63 

30.59 
3LlS 

3Li6 
32.26 

32.67 
33.26 
33.60 
3.~.74 

33.74 
33.63 
33.44 
33.20 

32.93 
32.63 
32.32 
32.00 
31.69 
31.38 
31.07 
30.78 
30.50 
30.23 

:lY.n 

29.72 
29.49 
29.06 
28.69 
28.36 
28.07 
27.82 
27.60 
27.42 

27.27 
27.11 

27.04 
26.96 
26.89 
'268<1 

26.81 
26.79 
26.78 
26.78 

26.79 
26.80 
26.82 

C. 
J/mol·K 

35.54 
35.70 
35.86 
36.02 
36.J8 
36.33 
36.48 

36.62 

32.27 
33.15 

34.17 
35.09 

35.92 
37.31 
38.39 
39.19 
39.76 
40.13 
40.35 
40.44 

40.43 
40.34 
40.19 
40.00 
39.78 
.39.54 
39.30 
39.04 
38.79 
38.54 

<lB.:/9 
38.05 
37.83 
37.40 
37.03 
36.70 
36.41 
36.16 
35.96 
35.78 

35.64 
36.63 

35.45 
35.38 
35.34 
35.32 

35 .. 30 
35.31 
35.32 
35.35 

35.38 
35.42 
35.46 

Velocity 
of sound 

mls 

1948. 
1942. 
J937. 
1932. 
1928. 
1925. 
1922. 

1920. 

2321. 
2306. 

2289. 
2272. 

2259. 
2233. 
2212. 
2194 
2178. 
2164. 
2J53. 
2142. 

2134. 
2126. 
2119. 
2113. 
2107. 
2102 . 
2098. 
2094. 
2090. 
2087. 

:/083. 
2080. 
2077. 
2072. 
2067. 
2062. 
2058. 
2054. 
2050. 
2046. 

2042. 
2038. 

2034. 
2031. 
2027. 
2024. 

2020. 
2017. 
2014. 
2011. 

2008. 
2005. 
2002. 
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Temper· I 
ature 
kelvin I 

850 
900 
950 

1000 
1050 
1100 
1150 

1200 

Density 
molll 

30.28434 
29.76710 
29.26957 
28.79048 
28.32872 
27.88329 
27.45329 

27.03792 

• 185.780 40.39766 
190 40.35579 
195 40.30122 

:!UU 40.24100 

210 40.10927 
220 39.96181 
230 39.80223 
240 39.(;3311; 

250 39.45689 
260 39.27545 
270 39.09050 
280 311.903~2 

290 38.71535 

300 38.52718 
310 38.33962 
320 38.15321 
330 37.96837 
340 37.78539 
350 37.60450 
360 37.42584 
370 37.24951 
380 37.07555 
390 36.90399 

400 36.73483 
420 36.40360 
440 36.08153 
460 35.76820 
480 35.46314 
500 35.16587 
520 34.87593 
540 34.59288 
.560 34.31633 
580 34.04589 

000 33.78124 

620 33.52207 
640 33.26810 
660 33.01907 
680 32.77477 

700 32.53497 
720 32.29949 
740 32.06815 
760 31.8408i 
780 31.61730 

800 31.39749 
850 30.86339 

Isotherm 
derivative 
l·bar/mol 

842.93 
837.41 
832.68 
828.67 
825.33 
822.60 
820.43 

818.78 

1485.09 
14-52.40 
1416.28 

1382.82 

1323.24-
1272.40 
1229.13 
1192.3& 

lJ6J.lI 
1134.56 
1111.95 
)092.64 

1076.09 

1061.84 
1049.50 
1038.76 
1029.33 
1021.01 
1013.59 
1006.94 
1000.93 
995.45 
990.43 

985.78 
977 .. 39 
969.95 
963.21 
957.00 
951.22 
945.77 
940.61 
935.70 
931.01 

920.53 

922.23 
918.1I 
914,.16 
910.37 

906.75 
903.28 
899.96 
896.79 
893.76 

890.88 
884.28 
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Theimodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

8.89 
8.49 
8.13 
7.79 
7.48 
7.20 
6.93 

6.69 

14.02 
15.09 
16.18 

17.12 

18.58 
19.59 
20.25 
20.63 

20.80 
20.81 
20.71 
20"51 

20.26 

19.96 
19.63 
19.29 
18.93 
18.58 
J8.22 
17.87 
17.53 
17.20 
16.87 

16.56 
15.96 
15.40 
14 . .89 
14.41 
13.96 
13.54 
13.16 
12.79 
12.45 

12.13 

11.83 
11.54 
11.27 
11.02 

10.77 
10.54 
10.32 
10.11 
9.90 

9.71 
9.26 

Internal 
energy 
J/mol 

17500.5 
18767.6 
20045.0 
21332.7 
22630.7 
23938.5 
25255.8 

26582.2 

Enthalpy 
J/mo1 

47218.8 
49002.3 
50793.7 
52593.1 
54400.6 
56215.9 
58038.7 

59868.7 

9500 bar Isobar 

432.0 
544.5 
679.5 

BIG.:) 

1093.9 
1375.8 
1660.4 
1916.6 

2233.4 
2520.2 
2806.2 
:lOll 1-] 

3374.4 

3656.0 
3935.7 
4213.3 
4488.9 
4762.3 
5033.8 
5303.2 
5570.7 
5836.3 
6100.1 

6362.3 
6881.9 
7396.0 
7905.2 
8410.3 
8912.0 
9411.0 
9907.7 

10402.8 
]0896.6 

11309.7 

11882.4 
12374.9 
12867.7 
13360.9 

13854.8 
14349.5 
14845.3 
15342.2 
15840.5 

16340.0 
17595.5 

23948.2 
24085.1 
24252.0 

24423.7 

24779.2 
25148.5 
25528.4 
25916.4 

26310.3 
26708.3 
27108.8 
27510.5 
27912.5 

28313.9 
28714.2 
29112.9 
29509.7 
29904.3 
30296.7 
30686.7 
31074.4 
31459.7 
31842.6 

32223.3 
32978.2 
33725.2 
34465.1 
35198.7 
35926.9 
36650.4 
37370.0 
38086.4 
38800.2 

3%1 LB 

40221.9 
40930.8 
41638.9 
42346.6 

4-3054.1 
43761.8 
44469.7 
45178.2 
45887.3 

46597.2 
48376.3 

Entropy 
J/mol·K 

143.98 
146.02 
147.95 
149.80 
151.56 
153.25 
l::.4.l:fl 

156.43 

86.82 
87.55 
88.42 

39.29 

91.02 
92.74 
94.43 
9601\ 

97.69 
99.25 

100.76 
102.22 
103.63 

104.99 
106.31 
107.57 
108.79 
109.97 
II J.l 1 
112.21 
]]3.27 
114.30 
115.29 

116.26 
118.10 
]]9.84 
121.48 
123.04 
124.53 
125.95 
127.30 
128.61 
129.86 

131.07 

132.23 
133.36 
134.44 
13S so 
136.53 
137.52 
138.49 
139.44 
140.36 

141.26 
143.41 

C,. 
J/mol·K 

26.90 
27.00 
27.11 
27.23 
27.35 
27.47 
27.59 

27.71 

30.47 
31.06 
31.65 

32.1& 

32.89 
33.35 
33.59 
. ~:I"/)R 

33.64 
33.51 
33.32 
33.07 
32.80 

32.51 
32.21 
31.91 
31.60 
31.30 
31.01 
30.73 
30.46 
30.20 
29.95 

29.71 
29.28 
28.90 
28.56 
28.26 
28.00 
27.78 
27.59 
27.43 
27.30 

27.10 

27.10 
27.03 
26.98 
?h <)4 

26.91 
26.90 
26.89 
26.90 
26.91 

26.93 
27.00 

C,' 
Jjmol·K 

35.60 
35.75 
35.91 
36.07 
36.23 
36.38 
30.53 

36.67 

31.98 
32.89 
33.87 

31.77 

36.29 
37.50 
38.44 
39.13 
39.62 
39.95 
40.13 
40.20 
40.18 

40.09 
39.96 
39.78 
39.57 
39.35 
39.12 
38.88 
38.65 
38.41 
38.18 

37.96 
37.54 
37.16 
36.83 
36.54 
36.29 
36.07 
35.89 
35.75 
35.63 

35.54 

35A7 
35.42 
35.39 
:\5 .. '>8 

35.38 
35.39 
35.41 
35.44 
35.48 

35.52 
35.65 

Velocity 
of sound 

mls 

1995. 
1990. 
1984. 
1980. 
1976. 
1972. 
1969. 

1967. 

2359. 
2343. 
2326. 

231 n 
2283. 
2260. 
2241. 
2224 . 
2210. 
2197. 
2187. 
2177. 
2169. 

2162. 
2156. 
2150. 
2145. 
2141. 
2136. 
2133. 
2129. 
2126. 
2123. 

2120. 
2115. 
2110. 
21{)6. 
2102. 
2098. 
2094. 
2090. 
2086. 
2083. 

2m9" 

2076. 
2072. 
2069. 
2066. 
2063. 
2060. 
2057. 
2054. 
2051. 

2048. 
2042. 



Temper· 
ature 

kelvin 

900 
950 

1000 

1050 

1100 
1150 

1200 

Density 
molll 

30.34997 
29.85577 
29.37956 

28.92023 
28.47682 
211.04845 

27.63435 

• 190.397 40.68642 

195 40.64388 

200 40.59270 
210 40.47631 
220 40.34376 
230 40.19789 
240 40.04130 
250 39.87632 
260 39.70499 
~7\J elY.5;:Y\)" 

280 39.34999 
290 39.16902 

500 38.98715 

310 38.80519 
320 38.62376 

330 38.44337 
340 38.26439 
350 38.08709 
360 37.91170 
370 37.73835 
380 37.56713 
390 37.3981J 

400 37.23130 
420 36.90435 
440 36.58612 
460 36.27630 
480 35.97450 
500 35.68030 
520 35.39327 
540 35.11301 
560 34.83913 
580 34.57128 

600 34.309 I 2 
620 34.05236 
640 33.80072 
bbO 3;:1 .!:>!:l3Yb 

680 33.3JJ83 
700 33.07415 
720 32.84071 
NO 52.0J I~H 

760 32.38589 
780 32.16420 

1300 31.91615 

850 31.41612 
900 30.90632 

950 30.41533 
1000 ?Q Qal<ll 

Isotherm 
derivative 
I·bar/mol 

878.49 
873.47 
869.17 

865.53 
862.51 
860.05 

858.12 

1538.78 
1503.07 

1466.92 

1402.24 
1346.70 
1299.14 

1258.49 
1223.79 
1194.18 
JJ6IU~1l 

1147.24 
])28.66 

1 1I2.07 

109B.83 
1086.81 

1076.30 
1067.05 
1058.86 
1051.55 
1044.99 
1039.05 
1033.64 

1028.67 
1019.80 
1012.04 

1005.08 
998.73 
992.86 
987.36 
982.li 
977.24 
972.54 

968.04 

963.73 
959.59 
Y!:>::>.bl 

95 LBO 
948.14 
944.62 
9'~ 1.25 

938.02 

934.93 

931.913 

925.18 

919.16 

91.3.89 
909.33 
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l'hermodynamic properties of nitrogen-Continued 

Isochore 
derivative 

bar·K 

8.85 
8.47 
8.13 

7.81 
7.52 
7.?4 

6.99 

13.45 
14.63 

15.74 
17.52 
18.81 
19.70 

20.28 
20.62 
20.77 
;:u.n 
20.67 
20.49 

20.2::; 

19.98 
19.67 

19.35 
19.01 
18.68 
18.34 
18.00 
17.68 
17.36 

17.04 
16.45 
15.89 
15.36 
14.88 
14.42 
14.00 

13.60 
13.23 
12.813 

12.56 

12.25 
11.95 
Il.bl5 

11.42 
11.17 
10.93 
10.70 

10.48 
10.28 

10.013 

9.62 
9.19 

8.81 
SA.6 

Internal 
energy 
llmol 

18860.8 
20136.4 

21422.4 
22718.6 
24024.8 
?!;'~40.S 

26665.4 

Enthalpy 
llmol 

50162.3 
51956.1 
53757.8 
55567.6 
57385.3 
S9210.S 
61042.9 

10000 bar Isobar 

698.2 
820.5 

955.0 
1228.5 
1506.5 
1787.7 
2070.9 
2355.2 
2639.7 
lY;:el.Y 

3207.2 
3489.2 

3709.7 

4048.5 
4325.5 

4600.5 
4873.5 
5144.6 
5413.8 
5681.0 
5946.5 
6210.1 

6472.2 
6991.6 
7505.4 
8014.4 
85J9.3 
9020.8 
9519.4 

10015.7 
10510.4 
11003.8 

]]496.4 

11988.5 
J2480.5 
IlY·':<.1 

13465.2 
13958.5 
14452.6 
14947.7 

15443.9 
15941.4 

16110.3 

17693.9 
18957.4 

20231.2 
2J5J54 

25276.4 
25424.5 

25590.0 

25934 . .3 
26293.5 
26664.6 

27045.1 
27432.7 

27825.4 
llllll.·, 

28620.1 
29019.6 

29419.2 

29818.3 
30216.3 

30612.8 
3100i.5 
3]400.2 
31790.8 
32179.3 
32565.5 
32949.5 

33331.3 
34088.7 
34838.2 
35580.6 
36316.8 
37047.4 
37773.3 

38495.2 
39213.8 
39929.5 

40643.1 

41355.0 
42065.7 
4ll/::'.4 

43484.6 
44193.6 
44902.6 
456) 1.9 

46321.6 
47031.9 

17712.0 

49524.7 
51313.3 

53109.4 
54913.1. 

Entropy 

llmol'K 

145.46 
147.40 
149.24 

151.01 
152.70 
154.32 
155.88 

87.33 

88.10 

88.94 
90.62 
92.29 
93.94 

95.56 
97.14 
98.68 

IIJU.I ( 

101.62 
103.02 

104.38 

1(j5.69 

106.95 

108.17 
109.35 
110.49 
]]1.59 
112.65 
113.68 
])4.68 

115.65 
117.49 
)]9.24 

120.89 
122.45 
123.95 
125.37 
126.73 
128.04 
129.29 

130.50 

131.67 
132.80 
13J.l5Y 

134.95 
l.35.98 
136.98 
131.95 

138.89 
139.82 

110.72 

142.88 
144.92 

146.86 
1<18 71 

C,. 
J/mol·K 

27.09 
27.19 

27.31 

27.43 
27.54 
27.66 
27.77 

30.32 
30.95 

31.53 
32.42 
33.01 
33.37 

33.55 
33.59 
33.52 
~el.~1 

33.17 
32.93 

32.07 

32.39 
32.09 

31.BO 
31.51 
31.22 
30.94 
30.67 
30.41 
30.16 

29.93 
29.49 
29.09 
28.75 
28.44 
28.18 
27.95 
27.75 

27.59 
27.45 

27.33 
27.24 

27.16 
~·I.ll 

27.06 
27.03 
27.01 
27.()] 

27.0] 

:27.02 

27.m 

27JJ9 
27.13 

27.23 
27.30 

C. 
llmol·K 

35·.80 
35.95 
36.12 
36.28 
36.43 
36.58 
36.72 

31.67 

32.63 

33.58 

35.23 
36.56 
37.62 

38.44 
39.05 
39.48 
3Y.(!:> 

39.91 
39.97 

39.9::; 

39.86 

39.73 

39.57 
39.38 
39.17 
38.95 
38.73 
38.51 
38.29 

38.08 
37.67 
37.29 
36.96 
36.66 
36.41 
36.19 

36.0J 
35.85 

35.13 

35.63 

35.56 
35.51 
::15.47 

35.45 
35.45 
35.45 
3.5.47 

. ,5.50 

:l5.53 

;{F..5B 

:1;;.71) 

:IS.H-> 
:1('.01) 

Velocity 
of sound 

mls 

2036. 
2030. 
2026. 
2022. 
2018. 

2015. 
2012. 

2395. 

2378. 

2362. 

2332. 
2307. 
2287. 
2269. 
2254. 
2241. 
l1."tY. 

2220. 
2211. 

2204. 

2197. 

2191. 

2186. 
2182. 
2178. 
2174. 
2170. 
2167. 
2164. 

2161. 
2156. 
2152. 
2148. 
2144. 
2140. 

2136. 
2133. 
2129. 
2126. 

2123. 

2119. 
2116. 
211J. 

2110. 
2107. 
2104. 
210l. 

2098 . 
2095. 

20<)2. 

201\6. 
20110. 

207:;. 
1(\7/':, 
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Thermodynamic properties of nitrogen-Continued 

I 

Temper- Density 

I 

Isotherm hochore Internal Enthalpy Entropy C,. C. Velocity 
alure mol/l derivative derivative energy J/mol J/mol·K J/mol·K J/mol-K of sound 
kelvin I-bar/mol bar-K l/mol m/s 

1050 29.48497 905.43 8.13 22809.9 56725.5 150.48 27.50 36.32 2066. 
llOO 29.04358 902.13 7.83 24ll4.5 58545.5 152.18 27.62 36.48 2062. 
1150 28.61689 899.41 7.55 25428.6 60373.0 153.80 27.73 36.62 2059. 
1200 28.20413 897.21 7.29 26752.0 62207.8 155.36 27.84 36.76 2057. 

'Two phase boundary_ 
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